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ARE YOU FLOWING 
YOUR MONEY AWAY ? 


REDUCE PLANT OPERATING COSTS... 


with Builders ‘‘Bubble-Tight’’ Butterfly Valves! 


Flowing water represents money .. . your money, your client’s money, or the 
community's money! 


BUILDERS AWWA BUTTERFLY VALVES prevent... 


® Loss of valuable water through faulty seating. 
* Loss of valuable water through leaking stuffing boxes. 
* Loss of valuable water through delayed control of “frozen” valves. 


“Bubble-Tight” Butterfly Valves offer many exclusive design features which can 
save you money. Request Bulletin 650-L1B for money-in-your-pocket details. 
Write to BUILDERS-PROVIDENCE, INC., 368 HARRIS AVENUE, PROVIDENCE 1, 
RHODE ISLAND. 


©BUILDERS-PR OVIDENCE 
B-I-F INDUSTRIES 
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FLUSH KLEEN 


Sewage Pumps 
... because they never clog! 
Solids Never Reach The Impeller, 
Resulting In... 

e Reliable pumping performance 


e Low maintenance . . . eliminates labor 
of unclogging pumps 


e Continuous 100% standby capacity 
e Longer pump life 


Proven Performance Verified By Over 
7,000 Installations. 


Engineering data available from Chicago 
Pump Company Distributors located in 
every principal city. 


be 


Putting Ideas to Work 


Chicago 


Pump 
Company 


622 Dwersey Parkway Chicago 14, Iilinois 


Rocky Butte Jail, Portland, Oregon 
Designed By Stevens and Thompson, 
Architects-Engineers 
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BURN IT! 
SELL IT! 


You can do both with the C-E Raymond System 


For versatility alone, you can’t beat 
the C-E Raymond System of Flash 
Drying and Incineration! With it, you 
can incinerate sewage sludge to a ster- 
ile ash... or flash-dry it to a fertilizer 
and soil conditioner that is readily 
marketed. Either operation can be 
performed alone, or combined in any 
proportion. 


In either case, high-temperature 
deodorization of stack gases is avail- 
able. 


Whether you wish to incinerate or 
dry—look to the C-E Raymond System 
for the effective end to your sludge 
disposal problems. For specific recom- 
mendations for your community, get 
in touch with a C-E specialist at the 
office nearest you. He will be happy 
to work with you and your consultant. 


COMBUSTION ENGINEERING gy 


RAYMOND DIVISION B-930A 
1315 North Branch Street, Chicago 22, Illinois 
Eastern Office: 200 Madison Ave., New York 16,N. Y. Western Office: 510 W. Sixth St., Los Angeles 14, California 


ALSO FLASH DRYING AND INCINERATION SYSTEMS FOR INDUSTRIAL WASTE DISPOSAL 
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sSTRIAL WASTES 


FSIWA MEMBER ASSOCIATIONS 


Alabama Water and Sewage Assn.* 
FE. J. Finnett, Jr., Act.-Sec., Univ. of Alabama, 
University, Ala 


Arizona Sewage and Water Works Assn.* 
Stanrorp I. Rotu, Sec.-Treas., 813 Jefferson St., 
Phoenix, Ariz 


Arkansas Water and Sewage Conf.* 
Dr. C. W. Oxrorp, Sec.-Treas., University of Ar- 
kansas, Fayetteville, Ark 

California Sewage and Industrial Wastes Asen. 
Rosert J. Baretta, Sec.-Treas., 719 South Loara 
St., Anaheim, Calif 

Canadian Institute on Sewage and Sanitation 
Dr. A. E. Berry, Sec.-Treas., Administrative Of- 
fice, 72 Grenville St., Toronto, Ont., Canada 

Central States Sewage and Industrial Wastes 

Assn. 

Scott A. Linstey, Sec.-Treas., P. O. Box 3598, 
Childs Rd., St. Paul, Minn 

Dakota Water and Sewage Works Conf. 


North Dakota Section* 
W. Van Hevuve ten, Sec.-Treas., c/o State Dept. of 
Health, Bismarck, N. Dak 


South Dakota Section* 
Don C. Katpa, Sec.-Treas., c/o Div. of Sani- 
tary Engineering, State Board of Health, Pierre, 
S. Dak 
Federal Sewage Research As 
Sec.-Treas., Public Health Service, 
Rm. 4123, South HEW Bidg., Washington 25, 
€ 


Florida Sewage and Industrial Wastes Assn. 
H. Baker, Jr., Sec.-Treas., State Board 
of Health, P. O. Box 210, Jackso nville 1, Fla 

Georgia Water and Sewage Assn.* 

Storey, Sec.-Treas., 1210 Hemphill Ave., 


N.W., Atlanta, Ga 


(Germany) Abwassertechnische Vereinigung 
Otto Pariascu, Sec.-Treas., Theaterstrasse 24, 
Bonn, Germany 


Institute of Sewage Purification 
W. F Snook, Sec., 10, Cromwell Place, South 
Kensington, London, S. W. 7, England 


Institution of Public Health Engineers 
Ernest V. Batsom, Sec., 118 Victoria St., West- 
minster, S. W. 1, London, England 


lowa Sewage and Industrial Wastes Assn. 
Sxorczeski, Sec.-Treas., 207 South 15th 
Ave , Marshalltown, 


Israel Assn. of Sewage Engineers 
Eviezer BatasuHa, Sec., c/o Technion, Israel In- 
stitute of Technology, P. O. Box 4910, Haifa, 
Israel 


Kansas Sewage and Industrial Wastes Assn. 
James F. ArKken, Sec.-Treas., 407 City Bldg., 
Wichita, Kans 


Kentucky-Tennessee Industrial Wastes and 
Sewage Works Assn. 
S. Leary Jones, Sec.-Treas., 602 Cordell Hull 
Bidg., Nashville 3, Tenn 


Louisiana Conference on Water Supply and 
Sewerage * 
Georce H. West, Sec.-Treas., P.O. Box 15, Water 
Dept., Lake Charles, La 


Maryland-Delaware Water and Sewage Assn.* 
W. M. Brncvey, Sec.-Treas., 2411 N. Charles St., 
Baltimore 18, Md 


Michigan Sewage and Industrial Wastes Assn. 
D. M. Prerce, Sec.-Treas., Michigan Dept. of 
Health, Rm. 334, Admin. Bldg., Lansing 4, Mich 

Mississippi Sewage and Industrial Wastes 

Assn. 
Ropert A. Gerper, Sec.-Treas., Mississippi State 
Board of Health, Jackson, Miss. 


* Sewage and Industrial Wastes Section. 


Missouri Water and Sewerage Conf.* 
Warren Kramer, Sec.-Treas., State Office Bldg., 
Fourth Floor, Jefferson City, Mo. 


Montana Sewage and Industrial Wastes Assn. 
Harvey W. Taytor, Sec.-Treas., Morrison & 
Maierle Inc., Helena, Mont. 


Nebraska Sewage and Industrial Wastes Assn. 
J. Lecutenserc, Sec.-Treas., 614 Standard Oil 
Bidg., Omaha, Nebr 


New England Sewage and Industrial Wastes 


R. Howarp, Sec.-Treas., Bureau of Public 
Works, 115 Broad St., Hartford, Conn 


New Jersey Sewage and Industrial Wastes 
Assn. 
AntHony T. Leaney, Sec.-Treas., State Dept. of 
Health, River Rd., Trenton 8, N J 


New York Sewage and Industrial Wastes Assn. 
RatpH C. Sweeney, Sec., c/o State Dept of 
Health, 55 Church St., White Plains, N 


New Zealand Sewage and Industrial Wastes 
Assn. 
Ronatp Hicks, Sec., Auckland Metropolitan 
Drainage Board, C. P.O. Box 308, Auckland C. 1, 
New Zealand 


North Carolina Sewage and Industrial Waste 
Assn. 
D. Y. Brannock, Sec.-Treas., Water and Sewage 
Pit., 1703 Woodland Ave., Burlington, N. C. 


Ohio Sewage and Industrial Wastes Treatment 
Conf. 

Creamon E. Lay, Sec.-Treas., Div. of San. Engr., 

Dept. of Health, 101 N. High St., Columbus 15, 
Ohi 


Oklahoma Water, Sewage and Industrial Wastes 
Conf.* 
H. M. Crane, Sec.-Treas., 3400 Northeastern, 
Oklahoma City 5, Okla. 
Pacific Northwest Sewage and _ Industrial 
Wastes Assn. 
Guipert H. Dunstan, Sec.-Treas., P. O. Box 176, 
Pullman, Wash 
Pennsylvania Sewage and Industrial Wastes 
Assn. 
R. Harvey, Sec.-Treas., c/o Pennsylvania Dept. 
of Health, 916 Diamond, Meadville, Pa 
Puerto Rico Water and Sewage Works Assn. 
Ropert J. Autp, Sec.-Treas., Espana 2015, Ocean 
Park, Santurce, P. R 
Rocky Mountain Sewage and Industrial Wastes 
Assn. 
Verne E. Pratu, Sec.-Treas., P. O. Box 149, 
Englewood, Colo 
South Carolina Water and Sewage Works 
Assn.* 
Wa. G. Crossy, Sec.-Treas., Water Pollution Con- 
trol Authority, Wade Hampton Bldg., Columbia, 


(Sweden) Fireningen Fir Vattenhygien 
Erik Jonsson, Sec., Box 5038, Stockholm 5, 
Sweden 

(Switzerland) Verband Schweizerischer Abwas- 

serfachleute 

Prerre Wriipt, Sec., Hegemmatt 28, Zurich, 
Switzerland 

Texas Water and Sewage Works Asesn.* 
Vv Enters, Sec.-Treas., 2202 Indian Trail, 
Austin, Tex 


Utah Sewage and Industrial Wastes Assn. 
Howarp Hurst, Sec.-Treas., 479 Harvard Ave., 
Salt Lake City 11, Utah 

Virginia Industrial Wastes and Sewage Works 

Assn. 


Orvat J. Sec.-Treas., Hercules Powder Co., 
Hopewell, 


West and Industrial Wastes 
Assn. 


Gien O. Fortney, Sec. = State Dept. of 
Health, Charleston 5, W. 
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Self-Scouring 
Elliptical VENTURI TUBE... 


Assures accurate measurement of sewage, sludge, or trade 
wastes at low velocity ... even under low pressure! Throat 
ellipse’s major dimension is vertical—equal to diameter of 
circular main section. 


Flat, Straight Top 
— prevents accumulations of 
air or gas that under certain 
conditions could impede flow 

and distort measurements. 


_ Horizontal Invert 
—a flat straight bottom, self- 
scouring of sediments or 
solids. 


Teamed with a Simplex Venturi Meter, this new Type VE 
venturi tube assures accuracy under low-flow for a wide range 
of pressures. 


For further information, write to Simplex Valve & Meter 
Company, Dept. SI-4, 7 E. Orange St., Lancaster, Pa 


It’s Simplex — It’s Accurate 


VALVE METER COMPANY 
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MEMBER ASSOCIATION MEETINGS 


Association Place Time 


California Sewage and Industrial Wastes Hotel Stockton Apr. 23-26, 1958 
Assn. Stockton, Calif. 


Virginia Industrial Wastes and Sewage Hotel Roanoke Apr. 28-29, 1958 
Works Assn. Roanoke, Va. 


Central States Sewage and Industrial Wastes Purdue Univ. May : 
Assn. Lafayette, Ind. 


Arizona Sewage and Water Works Assn. El] Conquistador Hotel May 15-17, 1958 
Tueson, Ariz. 


Sweden (Foreningen for Vattenhygien) Consert Hall May 16-17, 1958 
Oerebro, Sweden 


New York Sewage and Industrial Wastes Grossinger Hotel May 
Assn. Catskills, N. Y. 


Alabama Water and Sewage Assn. Alabama Poly. Inst. June 4—6, 1958 
Auburn, Ala. (Revised Date 


New England Sewage and Industrial Wastes Colonial Hotel June 4-5, 1958 
Assn. Gardner, Mass. 


Ohio Sewage and Industrial Wastes Treat Commodore Perry Hotel June 
ment Conf. Toledo, Ohio 


lowa Sewage and Industrial Wastes Assn. Hotel Chieftan June 
Council Bluffs, Towa 


Michigan Sewage and Industrial Wastes Assn. Charlevoix Hotel June 2: 
Charlevoix, Mich. 


Institute of Sewage Purification Floral Hall June 2 
Southport, England 


THIRTY-FIRST ANNUAL MEETING 


Federation of Sewage and Industrial Wastes Associations 
in conjunction with 
Michigan Sewage and Industrial Wastes Association 
Sheraton-Cadillac Hotel, Detroit, Michigan 
October 6-9, 1958 
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MAYTAG TREATS ITS WACTE AND CUTS ITS WATER BILL! 


Black & Veatch, Consulting Engineers 

At its home office and factories at Newton, Iowa, The aiieanideiciel 
Maytag Company recovers approximately 70% of its 
metal finishing waste waters for re-use in plating and 
other plant operations. 

1 MGD of segregated wastes from pickling, phos- 
phating, porcelain enameling, electroplating, etc., are 
treated in VorRTI® mixer basins and a CYCLATOR® 
clarifier to produce an effluent suitable for disposal or 
water reclamation. 

Let your INFILCO representative discuss your 
specific waste treatment problems with your engi- 
neers. Send today for the following bulletins: 850 
(“CYCLATOR” clarifiers) ; 700 (VORTI® mixers) ; 1960 
(CATEXER® ANNEXER® ion exchangers). 

State your chemical feeder needs. Or write for 
Bulletin 80 for the complete line of INFILCO equipment 
for every type of water and waste treatment problem. 

General Offices - Tucson, Arizona - P.O. Box 5033 

INFILCO invites inquiries on all industrial water supply 
and waste-water treatment problems. 


THE ONLY COMPANY impartially offering equipment for ALL types of water and waste pr 
precipitati di tion, flotation, filtration, ion exchange and biological tr 
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ABILITY 


reasons 
why Cast Iron Pipe 
is #1 choice of U.S.A. 


HIGH FLOW CAPACITY. . 

Cement lined cast iron pipe and fit- 
tings will not tuberculate . . delivers 
@ full flow for the life of the pipe. 
LONG LIFE .. 

42 North American cities are still using 
cast iron water mains laid 100 years 
and more ago. Hundreds more have 
passed the 50 year mark 


BEAM STRENGTH 
Cast Iron Pipe is inherently tough .. . 
stands up under heavy traffic load, 


soil displacement and disturbance 

THE MAN WHO CHOO 
EXTERNAL LOAD RESISTANCE bs ses 
6” Class 150 Pipe withstands a crush- CAST IRON PIPE TODAY 
ing load of 17,900 pounds per foot . . . — 
nearly 9 tons. WON'T PAY FOR IT AGAIN 


CORROSION RESISTANCE . 

Cast Iron Pipe effectively resists cor- TOMORROW! 
rosion . . . vital factor in its long life 
and dependability. 

TIGHT JOINTS... 

A full range of leak-proof, low cost, 
easy-to-assemble joints for pipe and 
fittings are ilable for all conditions. 


Cast Iron Pipe Research Association 
Thos. F. Wolfe, Managing Director 
Suite 3440, Prudential Plaza, Chicogo 1, Mm. 


Iron 
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NOT PROBABILITY! 


Cast Iron Pipe’s record of 
maintaining high flow capacity 
throughout its long life is 

FACT not FICTION! 


Carrying capacity without strength is like running a rickety car 
with a powerful engine . . . sooner or later it will shake apart. 
Why choose between high flow, strength and leng life when 
cast iron pipe gives you all of them? 
Specify America’s $1 pipe and your water system will serve 
long after the bond issue is retired. 


* Here is the proof! 


FLOW FACTORS FOR CEMENT LINED CAST IRON PIPE 


TEST SECT. VELOCITY AGE wa 
LOCATION 74 _IN FEET YEARS FACTOR 
Bowling Green, Ohio 1d 45,592 0.7-2.4 New 
Chicago, Illinois 4 7,200 2.6-3.6 
New Orleans, La. ° 39,650 1.2-2.9 
Corder, Mo. 21,350 0.9-2.3 
Univ. of Ilinois P 400 3.14 
Concord, New Hamp. os 500 1.7-2.2 


Concord, New Hamp. a 500 2.0-3.4 
West Palm Beach, Fla. 3 500 3.6-5.4 
Greenville, S. C. 87,376 2.4-2.7 
Corpus Christi, Tex. P 65,641 1.1-1.8 
Summerville, S. C. 500 1.98-2.43 
Champaign, lilinois 3,920 3.1-5.6 


*Available upon request: Booklet containing flow test and tables on Cast tron Pipe. 


FOR MODERN WATER WORKS 
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Rodney Hunt gates of tough Everdur withstand 


Settling tanks of one of the first industrial waste-treatment plants in the paper industry at the Coving- 
* t of West Virginia Pulp and Paper Co. Everdur was specified for mixing-chamber gates to 
by bleach-plant acids and pulp-mill w 


Resists corrosion. Sewage treatment and 
waterworks equipment of Everdur* has 
been in service without replacement for 20 
years and longer. 
Toughness. Everdur also possesses high 
strength and resistance to wear and abrasion 
—so that engineers can use lighter weight 
wrought material in their designs. 
Readily fabricated. Alloys of Everdur are 
available for hot or cold working, welding, 
free machining, forging and casting — and 
can be obtained in plates, sheets, rods, bars, 
angles, channels, tees, I-beams, wire, tubes, 
electrical conduit and casting ingots. 
Write for Publication E-11, “Everdur Cop- 
per-Silicon Alloys for Sewage Treatment and 
Waterworks Equipment” — or for technical 
sf a pair of mixing-chamber gates fab- _ help in selecting the correct material for your 
ricated of Everdur, each 48” wide by 54” job. Address: The American Brass Company, 
high. The slide is a sheet of Everdur, reins Waterbury 20, Conn. In Canada: Anaconda 


forced by Everdur angles braze-welded in American Brass Limited, New Toronto, Ont. 
lace. Frame and 2 stem also of Everdur. *Reg. U. S. Pat. Off 


One 


57131 


FVE ROUR Anaconda’s family of Copper-Silicon Alloys 


MADE BY THE AMERICAN BRASS COMPANY 
STRONG - WORKABLE - WELDABLE - CORROSION-RESISTANT 
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NEW Patented 
Wedge-Lock* wedge in and lock tight in one 


simple, easy operation . . . re- 
JOINTS main in continuous compression 


WEDGE IN! . . . Stop infiltration and root 


penetration . . . keep installa- 


LOCK TIGH T! tion costs down . . . permit 


strict adherence to design .. . 


Stop Infiltration and Roots last as long as the world’s 
longest-lasting pipe. 


LIKE A RAILROAD COUPLING... 
WEDGE-LOCK JOINTS 
WEDGE IN! LOCK TIGHT! 

IN ONE SIMPLE, EASY OPERATION 


Always specify Vitrified Clay Pipe with Wedge- 
Lock Plastisol Joints. 

Write to listed manufacturers for literature 
or an actual Wedge-Lock demonstration. 


WLC-156-31A *Patent T. M. Reg. U. 8. Pat. Of. 


Wedge-Lock CLAY PIPE 


THE FACTORY-JOINTED CLAY PIPE AVAILABLE NATIONALLY FROM LOCAL MANUFACTURERS 
Order Wedge-Lock from any of these Vitrified Clay Pipe Manufacturers 


Cannelton Sewer Pipe Company, Cannelton, Ind. Clay City Pipe Company, Uhrichsville, Ohio 

The Evans Pipe Company, Uhrichsville, O. The Stillwater Clay Products Co., Cleveland 16, Ohio 

The Logan Clay Products Company, Logan, Ohio Oconee Clay Products Company, Milledgeville, Ga. 

Pacific Clay Products, Los Angeles 54, Calif. Pine Hall Brick & Pipe Company, Winston-Salem, N.C. 

Pamona Terra-Cotta Company, Gr boro, N.C. The Robinson Clay Product Company, Akron 9, Ohio 
Gladding, McBean & Co., Los Angeles 54, Cah (Sold under trade name, ‘SPEED SEAL") 
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ARMCO SAVES WATER 
RECLAIMS OVER 10 MGD! 


By reclaiming over 10 MGD of waste water 
Armco’s Clarification Plant at Middeltown, 
Ohio assures an adequate supply of cooling 
and process water for its steel mill operations. 
Walker Process CLARIFLOW Thickeners 
installed in two tanks 80’-0” dia. by 15’ 
s.w.d. handle 6000 gpm each, and are 
designed to operate at twice this rate under 
overload conditions. In addition to water 
conservation, the CLARIFLOW units permit 
reclamation of approximately 20-40 tons 
per day of iron rich scale. 

Engineering and manufacturing knowledge, 
plus experience gained on a variety of 
industrial waste treatment problems is 

offered to help solve your next project. 
Write for literature. 
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“Build soon enough,” “build big enough” are 

keys to the lowest, realistic water rates for the long run. 
Procrastination or lack of planning for future community 
growth leads only to much higher costs that must later be faced. 
Concrete Pressure Pipe helps keep water rates low, too. 

It is virtually free from corrosion and tuberculation. 

Carrying capacity is sustained. There is also 

the elasticity to resist bursting from surge and 

water hammer... and no other pipe is 

easier to install. 


AMERICAN CONCRETE PRESSURE PIPE ASSOCIATION 
228 N. LaSalle Street * Chicago 1, Illinois 


WATER FOR GENERATIONS TO COME 
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LASTING PROTECTION 
ASSURED! 
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NERTOL 
PAINTS 


specified 100% 
for Linden—Roselle, N. J., 
Sewage Plant 


Pumping station of new $4,000,000 Linden—Roselle Sewage Treatment Plant. The entire plant 
is painted with Inertol coatings. Colorful Glamortex® quality alkyd, along with Ramuc® Utility 
Enamel and Ramuc Floor Enamel —both chlorinated natural rubber-base coatings in color —are 
but three of the Inertol paints chosen to attractively protect this plant. 


Chemical fumes, high humidity, corro- 
sive industrial wastes — such destructive 
influences had to be combated to main- 
tain the plant’s good looks and assure 
maintenance economy. Inertol coatings 
were specified exclusively by Consulting 
Engineer M. H. Klegerman of Alexander 
Potter Associates, New York, N. Y. 

Throughout this plant Inertol colored 
enamels and bituminous coatings are at 
work. They not only provide top, trouble- 
free service, but their hardness, chemical 
inertness and elasticity mean safe, effi- 
cient, low-cost protection as well. 

Thousands of installations ail over the 
country enjoy Inertol protection and 
beauty. Your plant can benefit, too. Buy 


Inertol paints direct from the manufac- 
turer. Shipments within three days from 
our plant, or from nearby warehouse 
stocks. Send for free, informative “Engi- 
neers’ Painting Guide.” Just write on 
your firm’s letterhead, giving your title. 
Be sure to ask about Florwear®, Inertol’s 


chemical- and wear-resistant paint 
specifically formulated for concrete floors. 


Rustarmor®—for large non- 
submerged steel areas. 
Glossy, tough, long-oil alkyd resin 
enamel in color. Flexible, follows ex- 


pansion and contraction without check- 
ing. Inhibits rust, prevents rusting. 


A Complete Line of Quality Coatings for Sewage Plants and Water Works 


—-INERTOL CO., Inc.— 


482 Frelinghuysen Avenue, Newark 12, New Jersey 


27H South Park, San Francisco 7, California 
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Lower cost per year valve service is 
guaranteed by Homestead Lubricated 
Plug Valves. These are the features 
that make them leakproof and extend 
their useful life . . . reinforced Teflon* 
head seal, double ball and lubricant 
sealed check valve, and their exclusive 
controlled pressurized lubricant seal. 
Homestead’s controlled lubricating 
system forces a chemical film over all 


sealing surfaces at more than 300 
pounds pressure. In addition, it pre- 
vents sticking, by its piston-like move- 
ment of the plug during each lubrica- 
tion. See how Homestead fills your 
valve needs. 

Write today for Reference Book 39, 
(Section 5), which gives complete 
information on Homestead Lubricated 
Plug Valves. 


*DuPont registered trademark. 


HOMESTEAD VALVE MANUFACTURING COMPANY 


P. O. Box 48 ° 


Coraopolis, Pa. 
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CORROSION 
YOUR 
PROBLEM? 


With Armco Sewer Structures you can 
select the degree of corrosion protec- 
tion needed for each installation. And 
you pay only for the protection you 
need. 


Choose the kind of Armco Sewer 
Pipe that meets your needs: 


* Galvanized corrugated metal pipe . . . 
normal sewer conditions 

Asphalt-coated pipe... 
corrosive conditions 

PAVED-INVERT® . . . 
resists erosion and corrosion 
in the invert 

ASBESTOS-BONDED® . . 
severe corrosive conditions 

SMOOTH-FLO® ... 
top flow capacity, plus durability 


All Armco Sewer Structures combine 

the proved strength of corrugated 

metal pipe with the added advantage 

of watertight joints. Various sizes, 

shapes, and gages are available to meet 

your specific requirements. Write us 

for helpful, authoritative data related 

to your sewage problem. Armco Drain- 

age & Metal Products, Inc., 437 

Curtis Street, Middletown, Ohio, Sub- There is a size and type of Armco Sewer Structure to 
sidiary of Armco Steel Corporation. meet your sanitary or industrial sewage requirements. 


Armco Sewer Structures 
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Type FFN Pump —] 


you need for 
low-maintenance 
pump operation 


Type FHN Pump 


Wheeler-Economy Non-Clog Pumps 
are designed and built for one of the 
most severe types of service—that 
involving unscreened sewage. The 
five features shown here are your 
assurance that whether you need a 
horizontal or a vertical pump, you 
Ret more dependable service with 
Jheeler-Economy. 


TWO NEW CATALOGS AVAILABLE! For a free 
copy of Catalog F-100 (describing Vertical Non- 


Clog Pumps), or F-101 (describing Horizontal 
Non-Clog Pumps), write: 


Economy Pump Division 


C. H. Wheeler Mfg. Co. 


19th and Lehigh Avenue, Phila. 32, Pa. 


Centrifugal, Axial and Mixed Flow Pumps © 


© 


Non-Clog Impeller has scraper blades on back to pre- 
vent accumulation of rags, matches, other solids. Impeller 
nut is countersunk to eliminate clogging. 


Heat-Treated Alloy Steel Shaft is oversize to provide 
utmost rigidity even in heavy service. Precision ground, 
turned and finished. 


Two Double-Row Ball Bearings carry thrust and radial 
loads. Generously sized for long bearing life, smooth 
pump operation. Deep-grooved, grease-lubricated. 


Oversize Stuffing Box assures long pocking life. De- 
signed to prevent water leakage. Furnished with seal ring. 


Renewable Shock Absorber prevents shaft deflection, 
protects bearings from shock due to pumping heavy, 
irregular objects. When abrasives are being handled, 
clear-water connection prevents excessive pump wear. 
Vacuum Equipment «+ 


Marine Auxiliary Machinery + Nuclear Products 


@ The 5 features 
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It’s too bad visitors leave with their noses in the air. Actually, though, it’s the people 


you live with the year-round whom you should be concerned about. 
Sure, obnoxious sewage odors are nothing new to lots of people. But it’s easy to get 
into a complacent rut about how intensely people feel about foul odors. 

It’s equally easy to get rid of foul sewage odors before popular clamor gets too 
thick. ALAMASK® odor-neutralizing chemicals prevent the obnoxious 
odors of sewage disposal plants, and do it better, easier and at less cost 

than other methods. We can prove this to you by giving your sewage 
disposal plant a free odor-control survey. Take us up on this offer 
Call or write us now. Technical literature available, of course. 


Al k, for tial industries with non-essential odors. 


inc 


60 East 56th Street, New York 22, N. Y. (Phone: Plaza 3-4850) 


Representatives in: Philadelphia * Cincinnati * Chicago 


Los Angeles * Denver © Montreal * Mexico City 
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A TIGHT SEAL 


PLUG VALVES 


The cylindrical plug of your QCf valve fits and 
turns in the valve body with the same ease and smooth- 
ness as a shaft in a journal bearing. The plug rides 
freely on a film of lubrication to provide a tight seal 
without binding. 


A patented head gasket, made of Teflon*, is backed 
by the lubricant and provides a dead-tight head seal. 
Self-lubricating Teflon reduces friction between plug 
and body at the head to further minimize turning torque. 


When you specify @Cf Lubricated Plug Valves 
in new—or replacement—installations you will save 
money initially, and later on repairs and maintenance. 


QCf valves are available in semi-steel, carbon steel, 
bronze, and aluminum. 


Ask your Industrial or Mill Supply Distributor for 
acf Valves. 


Sizes: 14,” through 30”. 
QCf Cylindrigal Plug Valves 

. f aE octi ressures: Semi-steel; 175 lbs. WOG to 500 lbs. WOG. 
oe a Carbon steel; ASA 150 and ASA 300. 


W-hK-M 


Division oF 


Write Dept. Q-4 for new ACF 
Valve Catalog 400. 


8708 
ACTURERS OF K™ GATE VALVES LUBRICATED PLUG VALVES 


of California sewage disposal plant. 


“buPont’s tetrafivercethylene resin. OCF is registered trademark of industries, Inc. 
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NEW DEVELOPMENTS IN SEWAGE TREATMENT 


New, low cost P.F .T. valved-orifice achieves 
wide air dispersal and relatively small 
bubble size. 


Low cost, trouble-free air for aeration 
tanks with new, non-clogging valved-orifice 


Now there is a simple, trouble-free way 
to introduce low cost, low loss air into 
aeration systems. 

Many engineers have found that the 
new P.F.T. valved-orifice—originally de- 
signed for use in the Kraus Dual Aeration 
System—operates efficiently in numerous 
other applications, including those where 
ordinary diffusers would get plugged up. 
The unique P.F.T. orifice seats automati- 
cally when air pressure is turned off, 
keeping aeration piping and the rest of 
the system free from contamination. The 
compressed air need not be cleaned. un- 
like air used with finer diffusing media. 

Actual plant tests of orifice-type air dif- 


PORT CHESTER, N. Y¥. @ SAN MATEO, CALIF. @ 


CHARLOTTE, N.C 


fusers indicate that the new P.F.T. device 
requires the least power and makes most 
efficient use of tank capacity. P.F.T. 
makes this small, inexpensive orifice of 
corrosion-proof stainless steel. In addi- 
tion. P.F.T. supplies specialized piping, 
valves and supports for a complete aera- 
tion system. Write today for additional 
information. 


waste treatment equipment 
exclusively since 1893 


PACIFIC FLUSH TANK CO. 
4241 Ravenswood Avenue 


Chicago 13, Illinois 


JACKSONVILLE @ DENVER 
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THE COMPLETREATOR 


Now for the first time . . . complete sewage 
treatment for a population equivalent of 150 per- 
sons in a single unit. The CompleTreator unit con- 
sists of a Dorr Duo-Clarigester surrounded by two 
stages of high rate trickling filters and two recircula- 
tion pumps in respective wells. Solidly based on 
well-known and proven sanitary engineering princi- 
ples and methods, the CompleTreator has the 
outstanding advantage of incorporating in a single 
unit those processes which previously required five 
separate tanks. Using the two-stage Biofiltration 
flowsheet with separate sludge digestion, average 


This 0-O CompleTreator 
unit is serving o 
recreational facility at 
Freestone Point, Virginia. 


daily capacity is 15,000 gallons; and where normal 

domestic sewage is being handled, a treatment effi- 

ciency of 90% BOD and suspended solids removal 

can be realized. The CompleTreator is ideally suited 

for housing developments, restaurants, service sta- 

tions, motels, schools, military installations and 

domestic type wastes from industrial activities. 
For additional information on 

the Dorr-Oliver CompleTreator, 

write Dorr-Oliver Incorporated, 

Stamford, Conn., for a copy of 

Bulletin No. 7315. 
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REDOX POTENTIALS IN WASTE TREATMENT— 


LABORATORY EXPERIENCES AND 


By 


Associate 


For a number of years, the applica- 
tion of oxidation-reduction potential 
measurement has been proclaimed by 
a number of investigators as a new 
parameter in the analysis and control 
of waste treatment processes (1) (2) 
(3). Nevertheless, the profession has 
been slow to grasp and utilize the oxi- 
dation-reduction potential concept. It 
has been especially difficult to recog- 
nize and accept this term in connection 
with anaerobic fermentations or sludge 
digestion. bio-oxidation or 
must furnish the energy 
for the life process of both aerobic and 
anaerobic organisms, oxidation in bio- 
logical systems must be redefined to 
include all chemical reactions which 
liberate energy that is available to the 
living cell. 

As a result of Pasteur’s fundamental 
studies on fermentation in the absence 
of air, the concept was established that 
living organisms were not confined to 
obtaining their energy through conven- 
tional respiratory functions, and ‘‘res- 
piration’’ has been used to express any 
exothermic reactions involving a trans- 
fer of energy value for growth activi- 
ties whether or not free oxygen and a 
respiratory organ were involved. In 
speaking of cellular respiration it has 


Since 
respiration 


* Presented at the 1957 Annual Meeting, 
Pennsylvania Sewage and Industrial Wastes 
Assn.; University Park, Pa.; Aug. 28-30, 


1957. 


APPLICATIONS * 


WERNER N. GRUNE AND CHUN-FeEI CHUEH 
Professor and Research Associate, 


Georgia Institute of Technology, Atlanta, Ga, 
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respectively, School of Civil Engineering, 


therefore become customary to use the 
term bio-oxidation, and its chemical 
connotation is quite broad to include 
both aerobic and anaerobic respiration 
(4). 

Use of oxidation-reduction potential 
measurement as a parameter during 
aerobic treatment of wastes has been 
advocated for years and has recently 
found more general acceptance. Ex- 
amples are in the treatment of indus- 
trial wastes, in the activated sludge 
process, and for final effluent control 
(5)(6)(7)(8)(9)(10). The fermenta- 
tion industry has also realized the value 
and benefits which can be derived from 
redox potential measurements, together 
with pH and conductivity control. 
Hlowever, in the anaerobic phase of 
waste treatment—the ultimate disposal 
of the sludge—this control procedure 
has received relatively little attention. 
There are indications that this can be 
a dependable tool to those in the sani- 
tary engineering field. However, a 
word of caution is needed. The tool is 
no better than its user and intelligent 
application requires a profound under- 
standing of the underlying principles 
and the circumstances under which the 
measurements are made. 

The theory and measurement of re- 
dox potentials are not new; Clark (11), 
Clark and Cohen (12), Michaelis and 
Smythe (13), Hewitt (14), and Glass- 
tone and Hickling (15) helped to build 
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the foundation for present-day inter- 
pretation of the fundamental concepts. 
However, application of the theory and 
its translation into practical use by the 
sanitary engineer and plant operator 
began only a decade ago and the pro- 
fession is only at the threshold of the 
full evaluation and appreciation of the 
significance of redox potentials in waste 
treatment. 

As will be shown later, a number 
of difficulties remain unsolved; but as 
knowledge increases, experimental con- 
ditions become better controlled, and 
commercial equipment is improved, 
these difficulties will eventually be over- 
Although it is true that the O- 
R potential equipment has been fairly 
well standardized, the electrodes and 
the manner in which the potential is 
measured leave room for more improve- 
ment. In measuring the potential of 
a complex heterogeneous mixture such 
as activated sludge, or digesting sludge, 
where many oxidizing and reducing 
both reversible and irrever- 


come. 


systems, 


sible, exist, such a measurement pre- 
sents only an over-all picture. It is 
axiomatic, therefore, that in measuring 
such activity of a biological complex 
the results yield no answer to any 
particular system. 


Theoretical Considerations 


Based on the general definition of 
the oxidation-reduction process, an oxi- 
dation involves a loss, and a reduction 
a gain, of one or more electrons. A 
typical example is the hydrogen elec- 
trode, where the hydrogen gas is the 
reduced and the hydrogen ion is the 
oxidized form. 

The oxidation-reduction potential is 
a measure of the tendency for a sub- 
stance to give up or to accept electrons. 
In other words, it is a quantitative 
measure of the free energy of the re- 
action involved in the electronic trans- 
fer. During the metabolic process of 
definite 
reduction potential is maintained in a 


microorganisms, a oxidation- 
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particular organism-substrate system, 
the reduction intensity of which de- 
pends on the species, cultural age, its 
variation phase, and its environment 
(14). The value of O-R potentials in 
characterizing a physiological state in 
higher forms of life has been estab- 
lished. The relationships between re- 
duction intensity and known physio- 
logical conditions have already proven 
of special value in bacteriology. 

The transfer of an electron or elec- 
trons from one compound to another 
is a result of potential difference be- 
tween the two reactants. Because these 
reactions always involve electron trans- 
fers it is possible to study them by 
means of potentiometers, capable of 
measuring electrical potentials. The 
magnitude of this potential difference 
depends upon the ease with which the 
electrons are lost or gained. The 
ereater the oxidizing or reducing power 
of a substance, the greater will be the 
electrical potential difference. The 
O-R potential is always referred to the 
normal hydrogen electrode, which is 
assumed to have zero potential. The 
more highly oxidizing a substance, the 
more positive will be its electrical po- 
tential; the more highly reducing a 
substance, the more negative will be its 
electrical potential. 

The direction in which a reaction 
proceeds is dependent on the free elec- 
trons in the system. If the number 
of electrons is increased, the system 
will produce more of the reductant; 
if the number is reduced, the system 
will produce more of the oxidant. The 
electronic state of the system is a meas- 
ure of its oxidizing or reducing power. 

The O-R potential of a system, re- 
ferred to the hydrogen electrode, is ex- 
pressed by the symbol E,. The greater 
the proportion of reduced substance 
present, the lower will be the FE, value; 
conversely, the greater the proportion 
of oxidized substance, the higher will 
be the E, value. When the molar con- 
centrations of oxidant and reductant 
are equal, the term E, becomes equal 
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to Thus, 


RT, [Ox] 

E, = Ey + In [Red] (la) 

= Ey + log [Red (1b) 


in which 


E£, = the measured electrode potential, 

in volts, in reference to the stand- 

ard hydrogen electrode ; 

ky = a standard potential of the sys- 

tem when the activities of all 

oxidants and reductants are unity 

and at 30° C; 

2.303F’ 

R = 8.315 volt-joules coulombs (the 
gas constant) ; 


the absolute temperature in ° kK; 
96,500 coulombs; and 


n = the number of electrons that par- 
ticipate in the potential system. 


Taking into account the difference 
between common and Napierian loga- 
rithms, In xz = 2.3026 log x, the value 


k RT 11 
of the constant k = 2 303F ~ 0.0601 
at 30° C. 

In biological oxidation, two kinds of 
reactions may be distinguished as 
typifying anaerobic and aerobic oxida- 
tions (4): 


1. Loss of hydrogen (dehydrogena- 
tion, anaerobic, common). 


ethyl oxidiz. 
alcohol dehyde/ \agent 

Hydrogen combines with some oxi- 
dizing agent (acceptor) such as atmos- 
pheric oxygen or other reducible sub- 
stance. An electron is transferred at 
the time hydrogen is transferred, thus 
an energy transfer is involved. 


2. Addition of oxygen (aerobic, un- 
common). 


CO +40.—-CO, 
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Factors Affecting Redox Potentials 


It may be assumed that in future 
years the instrumentation for potential 
measurement will be so vastly improved 
that present techniques may be com- 
pared to the crude hydrogen electrode 
used at the turn of the century. Never- 
theless, as will be shown later, measure- 
ments can be obtained with reproduci- 
bility within 5 to 10 my. 

There are, however, a number of 
conditions affecting the potential as 
well as the rate of change of a po- 
tential in a biological medium. The 
more influential factors, as aptly sum- 
marized earlier by Rohlich (16), are 
as follows: 

1. The ratio of the concentration of 
the oxidant to that of the reductant. 

2. The temperature of the solution. 

3. The tendency of the system to take 
up or give off electrons. 

4. The hydrogen ion concentration. 


It has been clearly pointed out in 
the literature (11) (14), that redox po- 
tential is a measure of the intensity 
and not of the capacity of a system. 
This makes O-R potential determina- 
tions analogous to pH and temperature 
readings. Because O-R potential is not 
an indicator of the ability to oxidize 
or to reduce, this is left to the *‘ poising 
effect,’ similar to the term ‘buffer 
action,’’ used in pH work. 

The ratios of concentrations of oxi- 
dant to reductant, when dealing with 
sewage or industrial wastes, lose their 
real meaning, inasmuch as the myriads 
of reactions which simultaneously occur 
cannot be described in one over-all re- 
action. This is in contrast to the 
chemist who is certain of the reactions— 
a difficulty to which the sanitary chem- 
ist and engineer must become accus- 
tomed. However, the usefulness of the 
O-R potential as a parameter, as long 
as it is properly interpreted, is there- 
fore not diminished. 

The hydrogen ion has a measurable 
effect on the redox potential. For illus- 
tration, consider a simple oxidation- 
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reduction reaction : 


where R- is a reductant with one nega- 
and O, is an un-ionized 
oxidant. According to Eq. 1a, at equi- 


librium state 


tive charge 


kT, [Ox] 
[Red] 


But the anion R- reacts with hydrogen 
ion existing in solution as follows: 


H+ + R-=> HR. (5) 


Therefore, at equilibrium the concen- 
tration of R- in solution 
by the concentration of hydrogen ion 
in the same solution through the usual 
mass action equation 


R] 


E, = Eo 


(la) 


is governed 


= ka 


Combining Eqs. la and 6 gives 


RT, (O,JCH*] 
F [HR] 


Ey. 7 shows that E, is a function of 

Ii*|. If both the reduced form and 
oxidized form ionized, or 
valent ions are formed, the expression 
Although 
at one time Clark advanced the concept 
of rH, in which he assumed that there 
is a known simple relationship, he later 
rightfully insisted that the use of this 
term should be discontinued. If proper 
interpretations and the results from 
potential measurements are to be made, 
it is therefore necessary that pH values 
be simultaneously obtained. 

The factors affecting potential meas- 
urements may be summarized by stating 
that they depend on three conditions at 
a fixed O-R potential : 


are poly- 


becomes very complicated. 


1. The innate tendency of a system 
to take up or to give off electrons. 

2. The ratio of the oxidant to the 
reductant. 

3. The hydrogen-ion concentration. 


The role of temperature will be dis- 
cussed later. 
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Mechanisms Underlying Biological 
Oxidations 


In addition to the inorganic condi- 
tions affecting the potential of a sys- 
tem, Eckenfelder (9) pointed out the 
important role played by microorgan- 
isms in the potential measurement of 
wastes. The more important factors 
are as follows: 


1. The kinds of organisms present. 


2. The 
3. The growth phase of the mass. 
4. The nature of the constituents 
and their quantities in the system. 
5. The conditions of the operation. 


condition of the organisms. 


In the classification of organisms ac- 
cording to metabolism and respiratory 
requirements it is possible to distin- 
guish between autotrophic, saprophytic, 
and parasitic, or pathogenic, bacteria. 

Autotrophice bacteria obtain their en- 
ergy from inorganic oxidation of com- 
pounds, such as NH,, NO,, H., S, 
CNS’, Fe™, and utilize inorganic carbon 
and nitrogen compounds for building 
These are 


common soil and water organisms. 


complex organic compounds. 


Heterotrophic bacteria include sapro- 
phytic and parasitic organisms. 
phytic organisms are those which utilize 
more complex organic food materials, 
such as the dead bodies or waste prod- 
ucts of other organisms. Putrefying 
animal bodies, feces, plant and animal 
matter in soil contain large numbers of 
Most of the bacteria 
of this group are economically impor- 
tant in reducing complex dead organic 
matter to simple soluble compounds for 
availability to plants and bacteria. 

Parasitic bacteria are present only 
in living organisms and, therefore, are 
of no importance in the degradation of 
dead organic matter. 


Sapro- 


these organisms. 


Aerobic and Anaerobic Metabolism 


Siuce oxidation serves as a source of 
energy, it might be thought that all 
require free oxygen. For 
aerobic organisms this is true; they 


bacteria 
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cannot get along without free access 
to air. Pseudomonas fluorescens and 
Bacillus subtilis are of this type. Other 
species, such as Actinomycetes, Bac- 
teroides, and Clostridium, not only are 
able to grow without free oxygen, but 
will grow only in the absolute absence 
of atmospheric oxygen. They are 
called ‘‘strict’’ or ‘‘obligate’’  an- 
aerobes. 

setween these two limits, the great 
majority of bacteria live under faculta- 
tive conditions. They utilize 
atmospheric oxygen and can also pro- 
liferate quite well without free oxygen, 
using combined oxygen for respiration. 
These are the facultative aerobes and 


anaerobes. Common species, faculta- 
tive in respect to oxygen, include 


Escherichia coli, Streptococcus lactis, 
and Staphylococcus aureus. 

Later sections of this paper will re- 
fer to the type and condition of organ- 
isms, the growth phase, the nature and 
concentrations of the biological, bae- 
terial and biochemical constituents, all 
of which play their important role in 
the potential measurement of wastes. 

The physiological systems carrying 
the various types of exothermic reac- 
tions to completion are complex and in- 
clude the respiration enzymes, 
enzymes, and other coadjutant bodies. 
Chemically, the enzymes have been 
identified as proteins. The most im- 
portant respiration enzymes are de- 
hvdrogenases, phosphorylases and oxi- 
dases. Dehydrogenases do not make 
use of molecular oxygen as they trans- 
fer hydrogen to a hydrogen carrier. 
After intermediate steps the hydrogen 
is transported to oxygen or other H.,- 
The anaerobic dehydro- 
venases may result in the formation of 
H.S and CH,. 

The coenzymes and other auxiliary 
agents, such as the coenzymes I and 
If (DPN and TPN), thiamin pyro- 


CO- 


acceptors. 


phosphate, and iron porphyrin flavins, 
are hydrogen carriers, readily reduced 
by accepting hydrogen and oxidized by 
vielding hydrogen. 


All are involved 
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in oxidation or reduction processes, or 
both. For a further treatment of this 
vital subject matter the reader is re- 
ferred to a number of excellent refer- 
ences (17) (18) (19) (20). 

In connection with a number of the 
previously cited conditions affecting 
the potential, several factors have been 
found which appear to be of particular 
importance in relation to potential 
measurement during anaerobie fermen- 
tation, if not equally important for 
potential measurements of other waste 
treatment processes. These are: 


1. Length of time allowed for stabi- 
lized potential measurement. 


2. Temperature of the system to be 
measured. 


3. Value of flow-through cells to ob- 


tain continuous long-range potential 
measurements without polarization. 


These factors, and their evaluation, 
and means to overcome problems as far 
as has been possible, serve as the basis 
for this paper. 


Purpose of Redox Potential 
Measurement 


A statement on why redox potentials 
are used and what value is to be ex- 
pected in applying the potential meas- 
urements in anaerobic waste treatment 
is in order. 

It has been possible to obtain re- 
producible measurements of gas pro- 
duction and to formulate mathemati- 
cally the anaerobic digestion process as 
a first-order or autocatalytic curve ex- 
pressed in relatively simple terms such 
as a reaction velocity constant hk, and 
ultimate gas production L. These have 
served and will continue to serve as 
useful parameters in waste treatment. 
The measure of the rate of volatile 
matter reduction has been a_ useful 
yardstick in comparing digester per- 
formances, as well as the evaluation of 
information regarding the production 
and presence of volatile acids for main- 
taining operating conditions. Analyses 
of the solids concentration, pH, grease, 


. 
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and scum content, have often provided 
much additional information. 

It has not been possible, however, 
to measure the conditions prior to gas 
production, acidification, ete. All re- 
sults in terms of the usual and conven- 
tional parameters, therefore, represent 
They tell noth- 
ing about the direction or the intensity 
of the proceeding in the 
fermentation This is where 
the redox potential comes into the pic- 
ture, 


a fragmentary picture. 


reactions 


process. 


The data shown demonstrate that 
acidification and gas production may 
be expected after certain changes in 
redox potential have been noted. This 
provides sufficient advance notice, 
which in plant operation would be a 
most valuable insight into the process 
not presently available to the operator. 
Furthermore, the entry of certain in- 
dustrial wastes of strong reducing or 
oxidizing power can almost instantane- 
ously be indicated to the operator by 
glance at a recorder, making it 
possible to shift operation before any 


one 
real damage has been done. 


Specific Application in 
Radioactive Waste Studies 


The primary purpose of interest in 
the measurement of redox potentials 
i and undergoing 
anaerobic digestion is to have an addi- 
tional parameter which reflects the 
effect of radioactive materials on an- 
aerobiosis. Although the full develop- 
ment of redox potential in this area 
may come at a later date, some of the 
information obtained from these studies 


in sewage wastes 


may be a contribution to the general 
fund of knowledge. 


Measuring Systems 


A measuring system for redox po- 
tential consists of a standard half-cell 
and an inert, noble metal electrode 
(that is. platinum, gold, ete. Both 
electrodes are immersed in the sludge, 
or the sludge is pumped through the 
cell; the latter method is used to pre- 
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vent poisoning and polarization. The 
former is referred to as the stationary 
cell, and the latter as the ‘‘flow- 
through’’ cell. Both types of cells have 
been employed in the studies reported 
herein. 


Stationary Cell 


There are three kinds of measuring 
meters available in the laboratory for 
the stationary type of cell—the Beck- 
man potentiometers Model H-2, G, 
and WM. All employ a_ saturated 
calomel half-cell and a platinum elec- 
trode. 

Although their 
between 


potential 
other within + 2 
per cent when a standard quinhydrone 
solution is measured, the Model WM 
appears to be preferable over the Model 
G in the determination of O-R_ po- 
tentials for anaerobie sludges. This is 
because the 14-em long electrodes can 
be immersed relatively deep into a 
large sample (1-1 beaker or more) to 


readings 


agree each 


avoid diffusion of atmospheric oxygen 
into the anaerobic sludge during meas- 
urement. For the measurement of 
O-R potential of colloidal solutions, 
such as sludges, the Model H-2 appears 
adequate only if its fiber-type calomel] 
half-cell is replaced by a sleeve-type 
cell (as the fiber in the immersion end 
of the electrode becomes plugged, the 
electrode ceases to function properly ). 


Flow-Through Cell 


In the flow-through cell for continu- 
ous O-R potential measurement, the 
stationary immersion of a pair of elec- 
trodes into a medium such as sewage 
sludge or other industrial waste high 
in solids concentration, will poison the 
noble metal electrode, and polarization 
will oceur within a relatively short 
time. The phenomenon of polarization 
is not simple to understand or to ex- 
plain. It may be caused by solution 
polarization; that is, the potential in 
the solution may vary from point to 
point and may be caused by the stream- 
ing of electrons to or from the elec- 


4 
: 
the 
q 
1 


PLATINUM 
ELECTRODE 


trode, re-orienting charges throughout 
the medium, or to chemical changes 
within the medium. On the other hand, 
electrode polarization may be due to 
a layer of charges surrounding the elec- 
trode, imposing a definite potential 
barrier. 

Many efforts have been devoted to 
the development of a successfully oper- 
ating continuous recording O-R_ po- 
tential cell. After considerable de- 
velopmental investigations, which began 
in 1948, a workable commercial proto- 
type cell was achieved late in 1955.* 
The design of this flow-cell is unique 
in many respects. It represents no 
obstruction to the flow which prevents 
the plugging by fibrous materials, as a 
straight flow-through bore is presented 
to the larger solids in the sludge. The 
relatively large area platinum elec- 
trode, combined with rapid flow, elimi- 
nates solution polarization. Although 
it is difficult to establish just how 
effectively this kind of a flow system 
prevents polarization, due to the lack 
of a reliable standard potential meter 
for anaerobic sludge or other waste ma- 
terials, it appears that an intermediate 
plateau may be established after some 
time interval, which recirculation of 
the media helps to maintain. Whether 
this potential level is the same type as 


* Fischer and Porter Co., Hatboro, Pa. 
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FIGURE 1.—Section through flow cell. 


when initially standardized with quin- 
hydrone solution, remains to be proven. 
A section through the flow-cell is pre- 
sented in Figure 1. Figure 2 shows 
the cell in operation in series with pH 
and conductivity sensing elements. 

The standard half-cell used in the 
flow-cell is a silver, silver chloride cell : 
Ag®/AgCl(S), Cl- (sat. KCl); E,= 
197 mv. The KCI solution serves simul- 
taneously as a salt bridge. This type 
of half-cell has been described previ- 
ously (21). A gauge pressure of 2 to 5 
psi applied to the KCI reservoir forces 
the KCl] solution to diffuse through a 
porous porcelain membrane to contact 
the sludge or other waste material 
flowing through the tube. Slight over- 
pressure on the KC] reservoir prevents 
sludge particles from clogging the pores 
and diffusing upward through the por- 
celain tube. The liquid junction poten- 
tial has proven negligible. 

The entire assembly is mounted in 
a teflon block, and electrical connec- 
tions are made to a commercial po- 
tentiometric recorder. The one in use 
for these studies is a 6-point Foxboro 
multirecord EMF 
with a range of 


Dynalog recorder 
0 to 250 my. All 
continuous readings of redox potential 


for the laboratory digesters (Figures 3 
through 9) were obtained with these 
cells. 
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FIGURE 2.—Flow-through O-R potential cells in series operation with pH and 
conductivity sensing elements. 
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FIGURE 3.—Continuous record for laboratory digester with a concentration of 57,200 
ppm KH.PO, in primary sludge from Clayton treatment plant. 
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FIGURE 4.—Continuous record for laboratory digester using 200 mc 1 of P™ with 
primary sludge from Clayton treatment plant. 
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FIGURE 5.—Continuous record for laboratory digester using plain sludge mixture from 
primary and secondary tanks of Egan treatment plant. 
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FIGURE 6.—Continuous record for laboratory digester using plain sludge mixture from 
primary and secondary tanks of Egan treatment plant. 
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FIGURE 7.—Continuous record for laboratory digester using 65 mc/l of P™ with sludge 
mixture from primary and secondary tanks of Egan treatment plant. 
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The potentiometer readings obtained 
by different half-cell systems (that is, 
calomel and Ag,AgCl) may be referred 
to a standard potential, E, (that is, 
referred to hydrogen half-cell) accord- 
ing to the following: 


E, = veut) + Eocat)- 


Ex = Evagagcy + Eocag agcy- - (9) 


with the following notations: 


= potentiometer reading if 
the calomel half-cell is 
used ; 

= potentiometer reading if 
the Ag,AgCl half-cell is 


used ; 


= 245 mv at 25° C, the half- 
cell potential of saturated 


calomel cell; and 

197 mv at 25° C, the half- 
cell potential of the 
Ag,AgCl cell. 


E 
4(0(Ag, AgCl) 
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Procedures for Determining 
Redox Potentials 


Standardization of Instruments 


All the cells and potentiometers used 
in this work were regularly standard- 
ized by quinhydrone buffer solution, 
prepared from 0.05 M potassium acid 
phthalate, which has a pH of 4.008 
at 25° C, to which a pinch of quin- 
hydrone is added. The O-R potential 
exhibited by the solution, as measured 
by a calomel half-cell is 218 mv (22), 
and is generally accepted as a primary 
standard electromotive tension 
measurements. 

In accordance with Eqs. 8 and 9, the 
potential referred to the hydrogen elec- 
trode at 25° C for both types of half- 
cells should be the same. Accordingly, 
when the calomel cell is used, the redox 
potential of the quinhydrone solution 
at pH 4 is 


E, Eo + 


218 + 245 = 463 


mv 


T 
+1004 1204 /\ REDOX POTENTIAL | | 23 
t ef 
4 + “Oo 
| | | | 408 
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FIGURE 8.—Continuous record for laboratory digesters using plain sludge mixture 
from primary and secondary tanks of Egan treatment plant and primary tank of Clayton 


treatment plant. 
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FIGURE 9.—Continuous record for laboratory digesters using 90 mc/1 of P™ with sludge 
mixture from primary and secondary tanks of Egan treatment plant and using 12 mc/1 of 
P* with sludge from primary tank of Clayton treatment plant. 


and when the Ag,AgCl half-cell is used, 


Ex = Evagy + 
= 266 + 197 = 463 mv. 


These values of E have been checked 
on many occasions for all three station- 
ary cells and the flow-cell, and found 
to lie within+2 mv, which is well 
within the experimental error. 


Maintenance of the Electrodes 


After the electrodes had been im- 
mersed in sludge systems for any pe- 
riod of time, they were thoroughly 
cleaned before use in another measure- 
ment. The importance of a clean, 
shiny platinum electrode surface can- 
not be overstressed. Recognizing this 
factor in the care of electrodes greatly 
contributed to the success of repro- 
ducible measurements. 

Various methods for the care and 
cleaning of electrodes before making 


potential measurements have been rec- 
ommended by a number of workers in 
this field. Nussberger (10) rubbed the 
platinum electrode in a slurry of Bon 
Ami to assure exposure of a fresh 
metal surface; Hood (8) immersed the 
electrode in nitric acid; and Chang 
(23) heated the platinum wire in a 
flame to redness after each potential 
determination. 

From experience herein it was found 
that washing the platinum electrode 
in dilute (1.5 per cent) HCl solution, 
then scrubbing it with a paste of Alco- 
nox powder and rinsing it with dis- 
tilled water until a shiny platinum 
surface appeared, was generally quite 
satisfactory. After the commercial flow- 
cell was exposed continuously to an- 
aerobic sludge for a long period of 
time, a more concentrated solution of 
HCl (up to 10 per cent) was necessary 
and more extensive scrubbing was re- 
quired. 


| 
: 

+200 
9 
| 
| 
| 
| — 
| 

+ 
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T. f 
Sludge 


Period 
of Elec- 


Immer- 


(minutes) 


Remarks 


Deter. Date Source of 
No. (1957) Sludge* 
5/14 | Homemade 

2 5/16 | Homemade 
3 5/17 | Homemade 
4 5/20 | Homemade 
5 5/23 | Clayton 
6 5/30 | Homemade 
7 5/30 | Clayton 
s 5/31 | Homemade 
9 6/5 | Clayton 

10 6/5 Homemade 

11 6/6 Homemade 

12 6/6 Homemade 

13 7/1 Egan 

14 7/1 Egan 

15 7/1 Egan 

16 7/15 | Egan 

17 7/23 | 

18 7/23 | Egan‘ 

19 7/23 | Egane 

20 7/23 | Egan¢ 

21 7/23 | 

22 7/23 | Egan¢ 

23 7/23 | Egan¢ 

24 7/23 | 

25 7/23 | Egan¢ 

26 7/23 | Egan¢ 

27 7/23 | Egan¢ 

28 7/23 | Egan¢ 

29 7/23 | Egan¢ 

30 7/23 | Egan¢ 

31 7/23 | Egan¢ 

32 7/23 | Egan 


Dig. 
Dig. 


Dig. 
Dig. 
Dig. 
Dig. 
Dig. 
Dig. 


. Dig. 


our 


Potential,| Temp. trode 
Ex(mv) | (° 
sion 
—66> | 25 160 
—145 | 25 123 
—223 | 25 71 
—150 | 23.5 | 133 
—23 | 24 100 
—155 25.5 85 
+78 | 25.5 | 405 
-171 25 175 
+85 | 15 20 
— 167 21.5 73 
—169 26 290 
—177 26 43 
—70 | 24 45 
—130 | 24 120 
— 145 24 70 
— 167 28 160 
—128 28 68 
—118 28 ll 
—121 28 38 
+261 28 24 
—111 28 113 
—119 | 28 At 
—128 | 28 120 
+252 | 28 123 
—99 | 28 24 
—117 | 28 120 
—1304 934 
—134 28 230 
+244 28 120 
—136 | 28 87 
—106 | 28 83 
28 33 
—99 28 127 


Added few drops I, (83% 
alcohol soln) 

Added I, 

Added 1} Same sample 

Added I, 

Sludge 
beaker 


left standing in 


Mixture of raw and digested 

After 15 days digestion 

Digesters 1 to 16 all after 
23 days of digestion—see 
footnote for composition 
of digester contents. 


* Homemade means usually well-digested sludge; the accumulation of various sludges after 
use in the laboratory, kept in a 5-gal earthen crock under anaerobic conditions ; generally resembles 
sludge from a secondary digester in character. 

> Rose to —186 mv after 18-hr additional contact. 

¢ Digesters 1 through 3: all plain sludge mixture same as determination No. 15, after 23 days 


of digestion. 


Digesters 4, 8, 12: 4 glucose and seed; 8 glucose, seed, KH,PO, (15.7 gm/l); 12 glucose, 
seed, radioactive KH,PO, (57.6 mc/I). 

Digesters 5 through 7: plain sludge mixture, KH.PO, (15.7 gm/l). 

Digesters 9 through 11: plain sludge mixture, radioactive KH2PO, (57.6 me/I). 


Digester 15: same as 5 through 7 
Digester 16: same as 9 through 11 


Digesters 13 and 14: same as 1 through ‘| 


4 Added I:. 


Different Sludges 


Laboratory Results: O-R Potentials for 


The redox potentials for the various 


types and mixtures of sludges obtained 


from two different sewage treatment 


Except sludge circulated through pH, 
O-R potential and conductivity cells. 


plants at Atlanta, Ga., were measured 
(Table 1). The Clayton plant includes 
primary clarification and two-stage di- 


Dig. 

Dig. 

Dig. | 
Dig. 

Raw | 

| Dig. | 
| Dig. | 

Raw 

Dig. 

Dig. | 

Dig. 

Raw 

Pring | 
Mix. | 

Mix. | 
Dig. | 
Dig. 
Dig. 
| Dig. | 
Dig. 
Dig. 
Dig. 
Dig. 
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for approximately 65 med. 
The Egan plant, providing complete 
treatment for 1.5 mgd, also has two- 
stage digestion but without provision 
for heating the digesters. During the 
winter months difficulties with diges- 
tion have been experienced. Both 
plants treat predominately domestic 
sewage, although the Clayton plant re- 
ceives some industrial wastes at times. 

With a platinum electrode and a 
calomel half-cell the Eycai) readings 
on these sludges were found to vary 
from — 160 to — 500 mv, representing 
a range of E, values from + 85 to 
— 255 mv, as shown in Table I. 

It should be noted that although the 
E, values for the raw (primary sedi- 
mentation) sludge varied from + 85 to 
— 70 mv, the digested sludge (sludge 
from primary and secondary digesters) 
had E, values ranging from — 130 to 
— 225 mv. 

A distinct difference in the range of 
E, values between the raw and the 
digested sludges on standing is also 
indicated in Figure 10. The potential 
for raw sludge appeared to have 
reached a stabilized point at an E, 
value of — 30 mv, whereas that for 


gest ion 
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the digested material was — 150 mv. 
It is interesting that the potential 
curve (Figure 10) of a mixture of the 
two sludges (50 per cent raw and 
50 per cent digested) fell between that 
of the raw and the digested material 
with a stabilized point at around — 75 
mv. 

The reason for the sludge mixture 
potential reaching a stabilized reading 
sooner may be due to improved tem- 
perature control during this test. The 
temperature variation during the pe- 
riod of measurement as otherwise 
stated in Figure 10 was relatively 
insignificant. The total temperature 
increase was 2.9° C during raw sludge 
and digested sludge measurements, with 
0° C variation for the mixture. The 
implication of temperature effect will 
be discussed later. The same general 
potential trend from + 50 mv to 0 mv 
in E, value during a 100-min period 
is also shown in Figure 11. It may 
be stated from these various observa- 
tions that a range of E, value from 
0 to + 50 mv may be expected for this 
type of raw domestic sludge. 

The high positive potentials obtained 
in the seeded glucose experiments are 


| | 
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FIGURE 10.—Time-potential curves for raw, mixed, and digested sludge. 
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of further interest (Table I, determi- 
nation Nos. 20, 24, 28). It is apparent 
that active anaerobic decomposition 
was never established in those digesters 
during the 23-day period of experi- 
mentation, as reflected by poor gas pro- 
duction (composition of the gas, 95 
per cent CO,), pH (in the range of 
4.0), and percentage volatile matter 
destroyed. The potential values for di- 
gesters 4, 8, and 12 are + 261, + 252, 
and + 244 mv, respectively. The rea- 
son for this high potential may indi- 
cate the presence of facultative micro- 
organisms, which thrived on and as- 
similated molecular oxygen available 
from the high sugar concentration. At 
the end of 23 days of experimentation 
these digesters were seeded again. A 
few days after reseeding, anaerobiosis 
was finally established and the poten- 
tials became definitely negative. This 
demonstration of O-R potential to de- 
termine the status of the digestion 
process, or the stage of digestion, shows 


FIGURE 11.—Time-potential curves for raw sludge during increasing temperatures. 


its value as a true indicator of fermen- 
tation conditions. 


Laboratory Results: Time Requirement 


Measurement of O-R potentials in 
biological systems is not instantaneous 
as with pH for reasons stated earlier. 
One apparent feature encountered in 
measuring the O-R potentials of 
sludges, industrial wastes, and even 
bacterial cultures, is the time required 
to obtain a stabilized reading.  A\l- 
though sometimes 2 hr or more may be 
required before a_ stabilized reading 
is reached, preliminary observations 
showed that 80 to 90 per cent of the 
final stabilized value potential was 
reached within 30 min after immersion 
of the electrodes into the sludge. 

Two typical time-potential curves 
from carefully taken data were plotted 
(Figure 12). The reproducibility of 
the change of redox potential against 
time should be noted in Curve I. These 
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results were obtained on different days, 
although the same kinds of sludge and 
electrodes were employed. The same 
time-potential trend is shown in Curve 
II, obtained with the short electrodes 
of the Model G potentiometer. 

For pure chemical substances it is 
not difficult to distinguish the true 
reading, because equilibrium is quickly 
established and the potential measure- 
ment is almost instantaneous. This has 
been referred to as a static system (9). 
The period necessary for stabilization 
in a dynamic system, such as in the 
decomposition of sewage and industrial 
sludges, was recognized by other in- 
vestigators (8)(9)(20). Although a 
certain length of time is required to 
achieve an equilibrium state between 
electrodes and the system to be meas- 
ured, it is still too early to state 
definitely whether this prolonged pe- 


SEWAGE AND INDUSTRIAL WASTES 


April 1958 


riod required for a ‘‘stabilized’’ read- 
ing may not be mistaken for time for 
polarization. Possibly the truth lies 
somewhere between the initial and 
final readings. 


Laboratory Results: Potential Medi- 
ator 


It is known that for some O-R Sys- 
tems it is almost impossible to obtain ac- 
curate potentials because of uncertainty 
as to the exact concentrations of the 
substances involved or the slowness 
with which equilibrium with the inert 
metal of the electrode is established 
(24). It is probable that whenever 
the number of electrons, the value of 
n, involved in the O-R system is large, 
the O-R processes occur in stages, one 
or more of which may be slow (13) 
(14). In that event equilibrium be- 
tween the system and the electrode will 


| 


| WELL DIGESTED SLUDGE 


CURVE I 
COMPOSITE FROM 4 TESTS 


@ RUN 15-16-57 AT 23.5°C 


millivolts 


+ RUN 5-16-57 AT 23.5°C 
© RUN [5-17.57 AT 25.0°C 


QO RUN 5-20-57 AT 23.5°C 


+ | 


4 


CURVE I | 
| 


MIXTURE OF RAW & DIGESTED SLUDGE 


CURVE 0 
CURVE FROM SINGLE TEST 


@ RUN: 4-17.57 AT 23.0°C '* 


millivolts 


CURVE 0 
4 


= 


no DBS 


3S 6 7 8 8 95 


TIME, MINUTES 


FIGURE 12.—Typical time-potential curve during warm-up period as indicated on 


model WM 500 redox amplifier (Curve I) and Model G potentiometer (Curve II). 


Curve 


I shows 80 per cent or more; Curve II, 85 per cent or more of the potential reached in 


25 min, 


a 

| 

—— 

eke 

+) 

+50 k 

| | 

| 
-150 

| 
+250 

| 

+200 | 

| 
+150 

ms 

— 

=_= = 

| 
: 


Vol. 30, No. 4 


be established slowly and the measured 
potential may be in error. The role 
played by a potential mediator is to 
expedite the attainment of equilibrium 
conditions during potential measure- 
ment. It is a substance which under- 
goes reversible oxidation-reduction and 
rapidly reaches equilibrium with the 
electrode. 

Iodine was used as the potential 
mediator. The platinum electrode 
measures the potential of the iodine- 
iodide ion system, which in turn 
should be equal to the potential of the 
unknown sample because it is in equi- 
librium with the mediator system. In 
a few of the experiments shown in 
Table I small amounts of iodine (I, 
in 83 per cent alcohol solution) were 
added to the sludge samples. As shown 
by the results obtained, in some cases 
the addition of iodine distinctly re- 
duced the equilibrium and the time 
required for measurement to less than 
30 min, whereas in some cases no ap- 
parent effect was shown. The complete 
role played by the mediator to bring 
about this sharpened potential is not 
yet fully understood and additional 
work is necessary. 


Laboratory Results: Determination of 
Layering Effect 


To determine if any real difference 
exists in potentials at various levels 
of a digester during the anaerobic proc- 
ess, one of the experimental digesters 
was opened during a laboratory run 
and O-R potential values at different 
depths were measured directly with 
the use of the Beckman H-2 potentiom- 
eter. It was noted that the readings 
varied with the position of the elec- 
trodes in the bottle digester. After 
17 days of digestion, the upper part 
of the digester consisted of liquid 
supernatant and the E, value was + 
145 mv; that of the bottom half, con- 
taining the digesting solids, was — 105 
mv. After thorough mixing, the E, 
value of the mixed content was found 
to be around — 25 mv. 

In another experiment, using di- 
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gested sludge taken from a 5-gal labora- 
tory crock, a sample was kept in an 
open beaker for two days. A layer 
of white mold formed on the surface. 
The sludge solids, buoyed up by the 
gases of decomposition, floated just be- 
low this moldy growth leaving a rather 
clear fluid near the bottom. When 
the potential of the content was meas- 
ured with a Beckman WM-500 meter, 
three different O-R potential readings 
were obtained—an FE, value of — 15 
mv in the moldy layer, a value of 
— 135 mv in the gas-lifted solids, and 
+ 355 mv in the bottom liquid portion. 

Therefore, in referring to potentials 
in a digester, it is necessary to indicate 
from which layer of the digested ma- 
terial it is obtained, since definite 
layering may be observed which can 
be characterized by O-R_ potential. 
When reporting redox potentials for 
anaerobic treatment one must dis- 
tinguish between zones of active diges- 
tion, scum and grease layer, and super- 
natant. 

In the present study, unless other- 
wise stated, it was the solids portion 
of the digester that was measured and 
reported. This was the part which 
underwent anaerobiosis. Higher values 
of potential for the supernatant have 
been reported by others (8) (9). 

The E, value of + 355 mv obtained 
with the supernatant in the second ex- 
periment could easily be explained by 
the fact that it picked up oxygen when 
the sample was poured into the beaker. 

In the prototype treatment plant di- 
gester it would therefore be desirable 
to install several flow-cells to overcome 
the layering effect, especially for di- 
gesters that employ no mechanical mix- 
ing of the sludge. 


Laboratory Results: Temperature Ef- 
fects 


Temperature has a distinct influence 
on O-R potentials of waste treatment 
systems. Its effect is quantitatively 
shown in Eq. la. Furthermore, ac- 
cording to the Van’t Hoff Arrhenius 
law, a definite temperature dependence 
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exists on the rate of digestion in bio- 
logically active, anaerobic digestion. 
However, in measuring the potentials 
it often is inadequate to know only 
the temperature under which a particu- 
lar experiment was performed, but the 
antecedent conditions to which the sys- 
tem was exposed also should be 
analyzed carefully. Thus, whether raw 
sludge was previously exposed to heat 
or cold, temperatures will affect the 
measurement potential. When a sam- 
ple of raw sludge is removed from a 
sedimentation tank hopper and placed 
in a laboratory refrigerator, the bac- 
terial metabolism is bound to be greatly 
reduced. 

Most bacterial cultures are reducing 
systems, due to the metabolism of the 
organisms. Consequently, free oxygen 
will be quickly exhausted from the sys- 
tem and negative potentials become 
rapidly established Other systems in 
which reducing conditions occur are the 
wastes containing metabolic products of 
bacterial activities. Thus, the rate at 
which reducing conditions become es- 
tablished will usually be indicative of 
the degree of biological activity. Rapid 
establishment will be a sign of a high 
degree of bacterial metabolism; con- 
versely, a very slow change in potential 
will indicate a lower degree of biologi- 
eal activity. With mesophilic and 
thermophilic bacteria, the higher the 
temperature the more rapid is their re- 
ducing system established. 

Several experiments were performed 
to investigate how the temperature af- 
fects the bacterial decomposition ac- 
tivities as reflected by the O-R potential 
changes. A 2-gal sample of raw pri- 
mary sludge was collected from the 
Clayton sewage treatment plant and 
quickly brought to the laboratory. It 
was placed in the refrigerator and held 
at 5°C for 16 days to slow down or in- 
hibit further breakdown of organic 
matter. A portion of the raw sludge 
sample was then brought into the lab- 
oratory (room temperature, 24°C) and 
subjected to a potential analysis. 

During the initial warm-up period 
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readings were taken every 2 or 3 min 
for 1144 hr. Figure 11 shows that the 
E, value dropped from+ 85 mv to 
+ 20 mv during the first 75 min while 
the temperature of the system increased 
at the rate of 0.1°C per minute. After 
100 min, another sample of raw sludge, 
which was removed from the refrig- 
erator at the same time as the first sam- 
ple and treated identically up to this 
point, was substituted to assure the re- 
producibility of the potential. This is 
indicated as ‘‘Change Sample’’ in Fig- 
ure 11. 

The experiment was resumed and the 
same electrodes and meter were used. 
Still remaining as the only variables 
were temperature and reactivity of the 
system. The O-R potential continued 
to fall, because bacterial activity and 
anaerobiosis were enhanced at 15°C. 
The temperature gradient decreased to 
0.025°C per minute; after an addi- 
tional 3 hr, the temperature had 
reached only 20°C. During this in- 


terval, the Z, value dropped from + 20 


my to — 45 mv, which could be ex- 
plained by the increased bacteriological 
activity and the activation of enzymes 
at the onset of reducing conditions re- 
sulting from the heat energy supplied 
to the system. 

After 300 min a more rapid tem- 
perature rise was brought about by 
artificial heating of the sludge sample. 
The time-potential curve assumed a 
more negative slope within 20 min. 
As the temperature gradient of the 
system swiftly increased to 0.5°C per 
minute, an FE, value of — 115 mv was 
reached in 1 hr, when the temperature 
had risen to 43°C. 

The next morning, 960 min after the 
start of the experiment, the potential 
was still at about the same value, 
which would be expected with a very 
poorly seeded raw sludge sample, and 
the temperature had dropped off to 
room temperature. It may be con- 
cluded that as soon as the heat energy, 
acting as a catalyst for the biological 
reactions, was removed, the system 
reverted to the relatively low degree of 
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biological activity it had previously 
held. 

Because the reactions underlying 
anaerobic digestion are largely bio- 
chemical in nature, the temperature ef- 
fect on the O-R potential must be 
attributed to the increased growth ac- 
tivities of the bacteria. Hence, the 
rapidity with which the O-R potential 
dropped as the digestion temperature 
was increased confirms the extent of 
bacterial respiration at work in sludge 
digestion. 

Further experiments are indicated 
for a quantitative interpretation of the 
temperature effect on O-R potentials 
in anaerobic systems. Well-seeded 
identical mixtures should be incubated 
at definite temperatures for periods up 
to 90 days. The temperatures should 
be the same as those employed by Fair 
and Moore (25), for which they estab- 
lished the relative times for digestion. 
This relative time necessary for di- 
gestion would serve as a criterion for 
the potentials to be obtained. A family 
of time-potential curves for the various 
temperatures can be expected, which 
would yield valuable information. 


Laboratory Results: Flow-Cell O-R 
Potential 


The results of four laboratory runs, 
part of a study of the effect of radio- 
activity on sludge digestion, are shown 
in Figures 3 through 9. These results 
represent only those from digesters 
equipped with redox potential flow- 
cells for continuous measurement. In 
each of the laboratory runs, those di- 
gesters fed with radioactivity are 
clearly indicated in the figures. 

All continuous O-R potential data 
as shown in these figures were obtained 
with the Fischer and Porter flow-cells. 
In all cases where active gasification 
occurred, the redox potential curves 
showed some rapid changes during the 
period. This is in full accord with 
prestated assumptions, as well as the 
previous observations. These curves 
are also quite similar to those presented 
by Vennesland and Hanke (26) in 
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their work with Bacteroides vulgatus 
cultures under anaerobic conditions 
maintained by regulating the atmos- 


phere above the cultures. One of their 
potential graphs is reproduced in Fig- 
ure 13, in which the close resemblance 
in potential drop to that observed here 
is of considerable interest. The onset 
of acidification (with a pronounced 
turbidity increase), similar to active 
decomposition and gasification during 
sludge digestion, should be noted. 

It must be pointed out that in order 
to prevent plugging of the small lab- 
oratory flow lines (%-in. ID) all 
sludges were screened. This altered 
the content of the sludge because the 
large particles were removed in the 
screening process. This may be the 
explanation for the relatively low gas 
production yields. 

Many of the large sludge particles 
removed by screening normally contain 
a large proportion of the most resistant 
compounds, including the lignins, cellu- 
loses, rubber, sulfur-containing 
compounds. This might provide the 
explanation of why the O-R potentials 
did not reach as low, negative values 
as ordinarily expected. For the main 
purpose of these experiments, the ef- 
fects of radioactive wastes on anaero- 
biosis, comparison of the average reac- 
tion velocity constant, k, and ultimate 
gas production, LZ, parameters is still 
valid to obtain the significance of the 
radioactive effects. 

In Figures 3 through 9 it is shown 
that as the potential moves to higher 
and higher positive values, the diges- 
tion is more and more complete. It 
appears that a value of E, of + 100 
mv indicates that most of the decom- 
posable organic matter is stabilized in 
the digesting medium. On the other 
hand, there were relatively rapid 
changes in E, values in the range of 
0 and — 150 to — 200 mv during the 
first few days in well-seeded, actively 
fermenting digesters. Therefore the 
O-R potentials indicate, along with the 
other parameters, the activity of the 
sludge and its aptitude for digestion. 
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FIGURE 13.—pH and potentials of Bacteroides vulgatus cultures kept at controlled potential 
levels by a nitrogen-air gas mixture (after Vennesland and Hanke (26)). 


It also appears to illustrate the toxic 
effect of radioactivity. When gas pro- 
duction is inhibited, the potential shows 
little or no further change. 


Summary and Conclusions 


Much of the present theory and ex- 
planations for redox potentials in waste 
treatment practice are still not fully 
understood or established. When work- 
ing in this field great care must be 
maintained to prevent speculation too 
far with the present knowledge. 

The few conclusions which can be 
drawn about redox potentials in an- 
aerobic waste treatment may be sum- 
marized as follows: 


1. The time to establish a stabilized 
potential may be as long as 2 hr. This 
may be due to the step-wise oxidation- 
reduction phenomena accompanying 
complex heterogeneous systems such as 


those reported herein, where a number 
of electrons are involved and one of the 
governing reactions is very slow to 
proceed. 

2. In addition to pH, which should 
always be reported along with O-R po- 
tential values, the potentials are a defi- 
nite function of temperature, which 
agrees with the theory. Additional 
work is necessary to define more clearly 
this temperature dependence on redox 
potential in anaerobie digestion. 

3. The variation of O-R potential 
with different layers in a digester can 
be clearly demonstrated and it is pos- 
sible that this tool will first be used 
to characterize the layering in proto- 
type digesters. It is recommended that 
several O-R potential cells be employed 
in prototype installations. 

4. Raw sludge appears to have a 
potential of + 85 to — 20 mv and a 
rather rapid rate of change under the 
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proper seeding and temperature con- 


ditions. 


5. Well-digested sludge appears to 
have a potential of — 250 mv and the 
rate of change is slow because biologi- 
eal activity is nearing its end. 

6. A well-digesting, truly anaerobic 
mixture of domestic sludge appears to 
be operative in a range of — 100 to 


— 250 mv. 


7. From the continuous redox po- 


tential curves obtained with the flow- 


cells, the potentials are higher than 
those previously mentioned because the 


sludge is screened and therefore dif- 


ferent from that in the plant. Further 


work to analyze and correlate these 
potentials is required. 


In conclusion it may be stated that 


redox potential alone can never be ex- 


pected to describe completely the status 
of a waste or a process. It can, how- 


ever, in certain areas shed that often 


needed additional information, as in 


times of operational troubles, towards 
a more complete analysis of the under- 


lying processes. It is capable of yield- 
ing information of a type and nature 


which no other parameter available to 
the sanitary engineer is able to provide. 
When better understood it is certain 


that O-R potential will take its place 


among the many other time-proven cri- 


teria available to the profession. 
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DISCUSSION 


By W. WeEsLEY ECKENFELDER, JR. 


Associate Professor of Civil Engineering, Manhattan College, New York, N. Y. 


The authors have reviewed O-R po- 
tential theory and have presented a 
new avenue of application in sludge 


digestion. Unfortunately, specific ap- 
plication of O-R potential to many 
waste treatment problems is limited by 
the complex nature of the systems in- 
volved. Professor Grune has indicated 
that the relationship between E, and 
pH cannot be established in the com- 
plex systems usually encountered in 
sewage and waste treatment. For ex- 
ample, in a tomato waste the potential 
decreased 48 mv per unit increase in 
pH, while in a sulfide waste studied 
a decrease of only 12 mv per unit pH 
increase was found. In all systems 
observed in these studies an increase 
in pH resulted in a decrease in po- 


tential. It readily can be seen that 
in wastes where automatic control is to 
be employed pH control is a mandatory 
adjunct to O-R potential control. 

The authors have discussed the ap- 
plication of O-R potential to the in- 
terpretation and control of anaerobic 
digestion systems in laboratory and 
plant operation. 

A few other examples in chemical 
and biological waste treatment may be 
cited to illustrate O-R_ potential 
application. 

tecently, experiments were conducted 
employing O-R potential to control the 
aeration or chlorination of a waste wa- 
ter containing sulfides, sulfites, and thio- 
sulfates (Figure 1). In this waste, sul- 
fide is the most reduced form with a 
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FIGURE 1.—ORP relationships in the 
oxidation of sulfur compounds. 


valence of — 2; sulfate is the most oxi- 
dized form, with a valance of + 6. 
Thiosulfate and sulfite are intermediate 
forms with valences of + 2 and + 4, re- 
spectively. Aeration will oxidize sul- 
fite to sulfate and will remove sulfide 
as hydrogen sulfide by stripping, de- 
pending on the pH of the system. 
Chlorination will result in oxidation of 
all the reduced sulfur forms. In aera- 


ymin. 30 


REDOX POTENTIALS—LABORATORY 


T=30°C 


Ww 
& 40 
= pH = 
30 
Qe 20 
Pa 
of waste 
oO 
> 
4300 AERATION 
5min. 30min, 
st 200 
E 
WwW 
+100 
ORP Time Scale 


FIGURE 2.—ORP spake in the bio-oxidation of pulp and paper mill wastes. 
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tion of a pure solution of sulfide and 
sulfite at pH 2.7 an abrupt change in 
potential occurs when the sulfide is 
substantially stripped from solution. 
A similar pattern is developed from the 
oxidation of sulfite. 

Aeration of the mixed waste results 
in oxidation or removal of only a por- 
tion of the waste constituents. The 
potential rises to an equilibrium value 
following this oxidation. 

Chlorination produces a sharp break 
in the curve when all the sulfur com- 
pounds are oxidized. This type of 
process is readily adaptable to auto- 
matic control, since as the end point 
of the process is approached a small 
increment addition of oxidant produces 
a large change in potential. A similar 
curve may be developed from the chlo- 
rination of cyanides. 

Biological systems exhibit a dynamic 
characteristic in that the potential 
changes with time due to alteration of 
the oxidant-reductant ratio. In aerobic 
systems, such as the activated sludge 
process, it may be postulated that the 
O-R potential is related to the dis- 
solved oxygen content and to the or- 
ganic matter which is readily reduced 
when the available oxygen is consumed 
by the culture. It should be noted that 
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organic matter per se will have little 
influence on the potential and it is the 
enzymatic activity of the system acting 
on available organic matter which will 
establish strong reducing conditions. It 
is obvious that both the rate of change 
of potential and the ultimate potential 
reached are significant. 

The laboratory measurement of O-R 
potential on biological sludge systems 
involves special considerations. A tech- 
nique has been developed in which the 
sludge mixture is maintained in suspen- 
sion ‘in a sealed flask and the O-R po- 
tential change noted with time. 

In typical data from an activated 
sludge plant treating pulp and paper 
mill wastes it was observed that the 
slope of the potential-time curve de- 
creased with time of aeration and with 
decreasing oxygen utilization rate as 
the available organic matter was stabi- 
lized by oxidation (Figure 2). It has 
been noted that the initial inflection 
point in the potential-time curve is that 
point at which all the available dis- 
solved oxygen has been consumed. 

In this system the uptake rate fell 
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to less than 2 ppm per hour and there 
was substantially no change in the po- 
tential over 50 min after 29 hr aera- 
tion. This laboratory procedure should 
prove useful in activated sludge plant 
control, particularly where more elabo- 
rate methods of sludge activity meas- 
urement are not available. 

The authors have discussed the flow- 
through cell for continuous measure- 
ment of O-R potential and noted its 
application to sludge digestion. A simi- 
lar flow-through cell was employed to 
control an activated sludge pilot plant 
at Ridgewood, N. J., where the redox 
potential was employed to modulate the 
air flow to the process. The O-R po- 
tential is shown to be not directly 
related to the dissolved oxygen con- 
tent, but rather to the ratio of over-all 
oxidant to reductant. This has been 
observed to result in a floating control 
point in which higher dissolved oxygen 
levels were observed at those times 
when the organic loading to the process 
was greatest. Cleaning of the cell was 
required only at several weeks’ inter- 
vals. 


VI AIDIS CONGRESS 


The VI Congress of the Inter-American Association of Sanitary Engi- 
neering will be held in San Juan, Puerto Rico, May 18—24, 1958. 

A program has been arranged to take full advantage of the locale for 
inspection trips, as well as the opportunity for technical presentations. 
Technical papers will be given during morning sessions and inspection 


trips conducted during the afternoons. 
will include equipment, machinery, and materials. 


Exhibitions by manufacturers 
There will also be 


non-commercial exhibitions by governmental agencies. 

The time allocation for technical papers is 40 per cent on water works 
and sewage, 40 per cent on public health, and 20 per cent on general 
technical or administrative subjects related to sanitary engineering and 


public health. 


Hotel reservations are made through Mr. C. M. Ferguson, Souther- 


land Tours, P. O. 


30x 4606, Tetuan Street, San Juan, Puerto Rico. 


Package rates including eight nights in a hotel are available from $48.50 
to $111.00 for single and from $44.50 to $79.50 per person for double 


rooms. 


For any other information or clarification, contact Mr. Enrique 
Ortega, General Secretary, P. O. Box 218, San Juan, Puerto Rico. 
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OXYGEN DEMAND MEASUREMENT ERRORS 


PURE ORGANIC COMPOUNDS—NITRIFI- 


Oxidation of ammonia nitrogen to 
nitrite or nitrate is a source of serious 
error in certain BOD measurements. 
In the usual 5-day BOD test on sewage, 
industrial wastes, or pure organic com- 
pounds, nitrification does not occur, due 
to the relatively few numbers of ni- 
trifying organisms in the sewage and 
their slow rate of multiplication. Ni- 
trification under these circumstances 
does not usually begin until after the 
seventh day of incubation; the oxygen 
demand of the ammonia-nitrogen is 
excluded, therefore, from the 5-day 
BOD value. 

It has been demonstrated (1) (2), 
however, that nitrification causes se- 
rious error in BOD measurements on 
secondary effluents from sewage treat- 
ment plants. These effluents are in an 
active state of nitrification when ob- 
tained and the 5-day BOD value may 
include so much nitrogenous BOD that 
negative BOD removals may be indi- 
eated for the treatment process, even 
though only a small amount of carbo- 
naceous material remains. Sawyer (1) 
has proposed a method of eliminating 
the nitrifying organisms from these 
effluents. He has shown that either 
flash pasteurization, acidification, or 
chlorination of the effluent completely 
kills the nitrifiers, or at least inhibits 
their activity for 5 days. The dilution 
water used in the 5-day test was seeded 


with fresh sewage and he obtained 
reliable 5-day carbonaceous BOD 


values. 


* Paper of the Journal Series, New Jersey 
Agricultural 
University. 


Experiment Station, Rutgers 


CATION STUDIES * 


3y P. E. Garrney anp H. HeEuKELEKIAN 


Department of Sanitation, Rutgers University, New Brunswick, N. J. 
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The necessity for the study reported 
here became evident during intensive 
oxygen demand measurements of fatty 
acids and other pure organic com- 
pounds. In determining the cumula- 
tive oxygen demand of high concentra- 
tions of fatty acids (10,000 ppm) long 
lag periods were often encountered 
(3), which necessitated long incubation 
periods with consequent nitrification. 
The same problem was encountered 
when it was desired to measure the 
20-day BOD, even when an initial lag 
period was not observed. This report, 
therefore, deals with the methods em- 
ployed in attempting to eliminate 
errors in observed BOD due to oxida- 
tion of NH,-N during the 20-day meas- 
urement period. 


Nitrogen Concentration 
in Dilution Water 


Only that amount of ammonia will 
be oxidized which is in excess of that 
required for the growth of the hetero- 
trophic organisms that oxidize the 
carbonaceous material. For the syn- 
thesis of protoplasm ammonia is as- 
similated directly without oxidation. 

Butterfield (4) has shown that num- 
bers of bacteria and amount of cell 
protoplasm accumulated are related di- 
rectly to the food concentration. There- 
fore, the amount of nitrogen assimi- 
lated for cellular growth would also be 
directly related to the food conecentra- 
tion (BOD). 

An attempt was made to determine 
the proper BOD:N ratio to use in 
order to leave no excess NH,-N avail- 
able for oxidation by the autotrophs. 


; 

- 
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TABLE I.—Influence of Nitrogen and Phosphorus Concentration on the 
5-Day BOD of Different Concentrations of Acetate 


Standard Dilution Water 


BOD: N:P 
Ratio* 


100: 40:800 


Modified Dilution Water 


5-Day 
BOD 
(pts /pt) 


NH:-N 
(ppm) 


BOD: 
POg-P 
N:P 
(ppm) Ratio* 


100: 10: 200 


100:0.6:12 4.0 0.8 
100:0.06: 1 40 8.0 


1,000T 


0.76 
0.75 


* Based on an expected BOD of approximately 0.8 part of O2 per part of acetate. 


+t Warburg method. 


For this purpose, the oxygen demand 
of various concentrations of acetic acid 
was determined with standard dilution 
water and with a modified dilution 
water, the nitrogen and phosphorus 
content of which was increased with 
increased acetate concentrations to give 
a BOD:N:P ratio of 100:5:1. Seed- 
ing was made with 0.1 per cent sewage 
in all The pH values were 
adjusted to 7.0 with the high concen- 
trations of acetic acid used. The re- 


cases. 


sults of this study are presented in 
Table I. It has been shown elsewhere 
(3) that under favorable conditions of 
oxidation the 5-day oxygen demand is 
0.7 to 0.8 part of oxygen per part of 
acetate; thus, any value lower than 
this indicates an unfavorable factor. 
It will be seen that values of 0.7 to 
0.8 were obtained with 2 and 8 ppm 
acetate in standard dilution water, but 
not with 100 and 1,000 ppm acetate 
with BOD: N:P ratios of 100: 0.6: 12 


BOD(pts/pt) 


ppm 
PROPIONATE 


18 20 


FIGURE 1.—Effect of BOD:N:P ratio on oxygen demand of propionate. 
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(ppm ppm (pts/pt) | 

2.0 | 0.55 12.1 

8.0 | 0.55 12.1 0.77 | - | 

1007 0.55 12.1 0.56 | 100:5:1 

0.55 12.1 0.09 100:5:1 

= 

1,2 

° 

0.8 

100 100 50 10 

0.6 x 1000 100 1 

© 10,000 100) 5 1 

0 

2 6 8 i 2 6 

3 


Vol. 30, No. 4 


and 100:0.06:1. From these results 
the low oxygen demand values for 100 
and 1,000 ppm acetate are due appar- 
ently to a nitrogen rather than a phos- 
phorus deficiency. This is confirmed 
by the results obtained with the modi- 
fication of standard dilution water. 
BOD values corresponding to those at 
lower acetate concentrations were ob- 
tained when the BOD:N:P ratio of 
100:5:1 was maintained. 

By maintaining this BOD:N 
ratio nitrification does not occur, 
manifested by a lack of inflection in 
the curves up to 20-days incubation 
(Figure 1). These graphs are the re- 
sult of an experiment in which the oxy- 
gen demand of 100, 1,000, and 10,000 
ppm propionate was measured for 20 
days using the Warburg respirometer. 
The BOD:N:P ratio of 100:5:1 was 
maintained in the 1,000- and 10,000- 
ppm samples and no nitrification oc- 
curred. With 100 ppm _ propionate, 
however, the ratio was increased to 
100:50:10 and nitrification began on 
the ninth day, as indicated by the in- 
flection in this curve. 

From these results, it appears that 
a BOD:N ratio of 100:5 is barely 
sufficient to support the maximum 
amount of carbonaceous oxidation, leav- 


as 


Source of N | 
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TABLE II.—Changes in NO.- and NO;-N Content in the Oxidation of 
Carboxymethylcellulose with Seed Pasturization and Different 
Nitrogen Sources 
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ing no excess NH,-N available for ni- 
trification. 

Where a lag period is observed with 
a compound, making it necessary to 
measure the cumulative oxygen demand 
beyond 5 days, or where the measure- 
ment of a 20-day BOD value is desired, 
the oxidation of an excess NH,-N would 
become a serious source of error in the 
oxygen-uptake measurement. 

It has been shown (Figure 1) that 
this error could be eliminated by sup- 
plying only the amount of nitrogen 
required to support the expected 
carbonaceous BOD. However, it is not 
usually possible to know the expected 
BOD in advance; therefore, it was 
necessary to find a better and more 
practical method of preventing nitrifi- 
cation. 


Pasteurization 


It has been demonstrated that 
pasteurization, chlorination, or acidifi- 
cation (1)(2) can effectively eliminate 
the errors created by nitrification dur- 
ing the 5-day BOD determination of 
secondary effluents. In these modifica- 
tions, the dilution water is seeded with 
settled sewage. It is not likely that 
the nitrifying organisms introduced in 
the relatively small amount of seed can 


ANO2N* 


Seed 
Unpasteurized NH; 
Unpasteurized | NH; 
Unpasteurized NH; | 
Unpasteurized NH; 
Unpasteurized NH; 
Unpasteurized NH; 
Unpasteurized NH; 


Unpasteurized 


Unpasteurized 
Unpasteurized 


Pasteurized 
Pasteurized 


Days (ppm) | 
0 0 0 0 
5 0 0 0 
60 | 0.03 0 | 0.1 
70 | 0.06 0 0.2 
7.8 0.12 0 0.4 
8.8 0.12 0 0.4 
10.0 0.18 0.20 1.5 


* Increase in NQo- or NO;-N content. 
t (NO=N X 3.43) + (NO3-N X 4.57) 


= ppm NOD (nitrogenous O02 demand). 


| NH 
NO; | 0 | 0 0 0 
| NO; | 13 | C 0 0 
| NH; | 13 | 0.01 | 0 0 
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@ Unpasteurized Seed - NH,-N 


@ Unpasteurized Seed - NHz-N 
corrected for nitrogenous 05 demand. 


© Unpasteurized Seed - NOz-N 
X Pasteurized Seed - NHz-N 


2. 


FIGURE 2.—Effect of seed pasteurization and nitrogen source on oxygen demand 
of 20 ppm CMC. 


initiate nitrification during the 5-day 
incubation period once the massive 
number of nitrifying organisms in the 
substrate are inhibited by the treatment 
of the nitrified effluent. There is a 
likelihood, however, that the nitrifying 
organisms in the seed (settled sewage) 
could multiply and utilize oxygen in 
the oxidation of ammonia to nitrite and 


nitrate over incubation periods longer 
than 5 days. That such is the ease is 
shown by the results in Table II. 

The substrate studied was carboxy- 
methylcellulose (CMC) using the jug 
method (5). When this was seeded 
with settled sewage and furnished with 
NH,-N, nitrification started after 5 
days. When the seed was pasteurized 
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(heated to 60° C and eooled immedi- 
ately to 20° C) nitrification did not 
take place. Figure 2 presents the oxi- 
dation of CMC when furnished with 
ammonia and seeded with pasteurized 
and unpasteurized sewage, also CMC 
furnished with NO,-N and seeded with 
unpasteurized sewage. The BOD kept 
increasing up to 13 days with NH,-N 
and unpasteurized seed, which when 
corrected for the oxygen demand of 
the NO, and NO, produced showed a 
flattening of the curve after 6 days, and 
close agreement with the BOD values 
obtained in 13 days when NO,-N was 
used in place of NH,-N. That pasteur- 
ized seed gave lower BOD values than 
any of the others during the entire 
13-day period is of interest. Pasteuri- 
zation apparently does affect the 
heterotrophic organisms capable of oxi- 
dizing carbonaceous material such as 
CMC, in addition to inhibiting the 
nitrifying organisms. 

It may be concluded from these re- 
sults that seed pasteurization would 
not be a practical method for elimina- 
tion of nitrification in studies of this 
kind, as it inhibits heterotrophic ac- 
tivity and thus yields lower BOD 
values, indicating less available carbon- 
aceous material than is actually pres- 
ent. 


Substitution of 
Nitrate for Ammonia 


Addition of a completely oxidized 
nitrogen compound to BOD dilution 
water instead of ammonia should pre- 
vent nitrification from occurring. The 
question remains, however, as_ to 


NITRIFICATION EFFECTS ON BOD 


TABLE III.—Effect of Nitrogen Source on the 5-Day BOD of Acetate 
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whether nitrate can serve as a source 
of nitrogen in the oxidation of organic 
matter. 

On the basis of tests with pure micro- 
bial cultures, nitrate has not been found 
to be a satisfactory supply for a great 
number of microorganisms. Because 
NH,-N seems to be used more generally, 
NH,-N was used as the source of nitro- 
gen in BOD dilution water. 

The seed used (sewage) in usual 
BOD work contains such a great di- 
versity of species of microorganisms, 
it would seem highly unlikely that any 
of these would be capable of using 
nitrate-nitrogen while oxidizing an or- 
ganic substrate and yielding a reliable 
BOD value. 

Parallel tests with NH, and NO,-N 
were conducted in order to determine 
the effect of the nitrogen source on the 
5-day BOD of acetate. Table III pre- 
sents the results obtained using the 
Warburg respirometer, in which 100 
to 10,000 ppm acetate was the organic 
substrate. Also included in this table 
are the results obtained using all meth- 


ods of oxygen-uptake measurement 
(standard, jug dilution, and War- 


burg) covering acetate concentrations 
of 2 to 10,000 ppm. Sewage was used 
as seed in all tests in a concentration 
of 0.1 to 10.0 per cent by volume. In 
another paper (3) it has been estab- 
lished that the three methods of BOD 
measurement and seed concentration 
within this range yield comparable 5- 
day BOD results with a given com- 
pound. 

Nitrate-nitrogen gives results com- 
parable with ammonia-nitrogen with 


5-Day BOD (pts/pt) 


Method | N Source No. Samples 
| Min Max Avg Avg Dev. 
Warburg NH; 3 0.74 0.76 0.75 +0.01 
Warburg NO; 6 0.72 0.77 0.75 +0.02 
All NH; 0. 0. 
All NO; 22 0.66 0.88 0. +0.04 


| 
. 
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TABLE IV.—Effect of Nitrogen Source on 
Cumulative Oxygen Demand of 8.0 ppm 
Acetate 
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Nitrogen Source 
(parts O: consumed per 
part of acetate) 


NH; NH; | 


NO; 


0 0 0 
| 0.41 | 
| 0.46 | 
0.89 
| 1.10 


0.40 
0.41 
0.88 
1.10 


0.40 
0.41 
0.70 
0.71 


respect to the 5-day BOD values ob- 
tained with 2 to 10,000 ppm acetate. 
The average deviation in the samples 
tested with NO,-N is slightly higher 
than with ammonia-nitrogen, but still 
remains within the commonly accepted 
error of 5 to 10 per cent for BOD 
tests. 

Table IV gives the results of one 
experiment (jug method), in which the 
cumulative oxygen demand of 8.0 ppm 
acetate was measured for 21 days. 
Duplicate tests were run with both 
nitrogen sources, using 0.1 per cent 
sewage as seed. The dilution water 
with the nitrate-nitrogen was the same 
in all respects except the type of nitro- 
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gen compound used. Both dilution 
waters contained 0.6 ppm nitrogen. 

Table IV also shows that with NO,-N 
the average 21-day BOD is 0.77 part 
per part. This is in good agreement 
with the caleulated and observed values 
reported elsewhere (3). With NH,-N, 
however, the high average 21-day value 
(1.1 parts per part) indicates that ni- 
trification has occurred. From these 
results, it is concluded that substitution 
of nitrate in BOD dilution water elimi- 
nates errors in observed BOD due to 
nitrification and makes possible the di- 
rect measurement of true carbonaceous 
30D up to 21 days. 

Table V shows the results of parallel 
tests to determine the effect of nitrogen 
source on the 5-day BOD of several 
other organic acids. The results with 
oxalic and ethylene-diaminetetracetic 
acids are comparable with the two 
nitrogen sources, although EDTA ex- 
hibited no BOD. On the other hand, 
nitrate does not seem to be a satisfac- 
tory nitrogen source for the organisms 
capable of oxidizing toluenesulfonic 
acid. This was the only instance where 
nitrate failed to give results com- 
parable with ammonia. Further work 
along these lines is obviously needed 


TABLE V.—Effect of Nitrogen Source on the 5-Day BOD* 
of Several Organic Acids 


Type (ppm) 


(pts/pt) (ppm) } (pts/pt) 


Oxalic 3.3 
Oxalic 6.6 
Oxalic | 10.0 


Toluene 3.3 
Sulfonic 6.6 
Sulfonic 10.0 


Ethylene 3.3 
Diamine 6.6 
Tetracetic 10.0 


0.36 | 10 0.30 
0.14 10 0.15 
0.17 14 | 0.14 


0.45 0.4 
0.36 0.4 
0.21 0.5 


0 0 
0 0 
0 0 


* Standard dilution method, 0.1 per cent sewage. 


|| 

| 
Days 
= 
| NO 
| 

0 0 
1.8 0.45 
13.1 0.75 
20.8 0.82 
Acid 5-Day BOD with N-Source as 
| 
NH; NOs 
| 
| (ppm) 

1.7 

| 

1.5 0.12 

2.4 0.06 

2.1 0.05 

oe 0 0 

0 0 
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and the purpose of this paper is to 
emphasize that need. 

It may also be mentioned here that 
consistent and reliable BOD values 
have been obtained for other fatty 
acids (C,-C,,) where nitrate was sup- 
plied as the sole nitrogen source in 
order to prevent nitrification during 
20-day incubation periods (3). 


Summary and Conclusions 


It has been demonstrated that nitrifi- 
cation causes serious errors in BOD 
measurements on pure organic com- 
pounds where the test is continued be- 
yond 5 days, and that nitrification must 
be prevented in some manner if reliable 
carbonaceous BOD values are to be 
obtained. The following are four meth- 
ods of eliminating nitrification error 
from BOD tests which have been in- 
vestigated : 


1. Maintenance of a constant BOD: 
N ratio, leaving no excess oxidizable 
nitrogen other than that necessary for 
growth of the heterotrophic organisms. 

2. Pasteurization of seed material to 
kill or inhibit the autotrophie nitrify- 
ing organisms. 

3. Measurement of increased NO,- 
and NO,-N content during incubation 
and subtraction of nitrogenous oxygen 
demand from observed BOD values. 

4. Substitution of a completely oxi- 
dized nitrogen source in the BOD di- 
lution water. 


On the basis of the results obtained 
from these investigations, it is con- 
eluded that: 


1. By maintaining the expected 
BOD:N:P ratio at 100: 5:1, nitrifica- 
tion will not occur, even up to 20 days 
of incubation, and the observed BOD 
values include only carbonaceous oxy- 
gen demand. The NH,-N concentration 
is sufficient only for heterotrophic 
growth. No excess ammonia is avail- 
able for oxidation to nitrate. This pro- 
cedure is impractical, however, for the 
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usual BOD test, because the approxi- 
mate BOD of the substrate must be 
known in advance so that the NH,-N 
concentration in the dilution water may 
be adjusted to fit this ratio. 

2. The seed pasteurization procedure 
without reseeding does not selectively 
inhibit or kill nitrifying organisms, 
but it has a detrimental effect on the 
heterotrophic organisms responsible for 
oxidizing a carbonaceous substrate. 
Pasteurization of seed results in lower 
observed BOD values for a considerable 
period of the time necessary for rede- 
velopment of the heterotrophic organ- 
isms. Pasteurization, however, appears 
to have no effect on the ultimate BOD 
of carboxymethyleellulose. This proce- 
dure, if adopted, would constitute an 
additional step in the BOD test. For 
these reasons, it is concluded that seed 
pasteurization is an unreliable and im- 
practical method for eliminating nitri- 
fication in cumulative BOD measure- 
ments on pure organic compounds or 
industrial wastes. 

3. The measurement of cumulative 
increases in NO,- and NO,-N content 
and subtraction of nitrogenous oxygen 
demand from observed BOD is a re- 
liable method for obtaining true car- 
bonaceous BOD. However, due to the 
amount of work involved, this method 
is not applicable to routine BOD tests 
where time and manpower factors must 
be considered. 

4. Preliminary investigations have 
shown that the following results may 
be obtained by substitution of nitrate 
in BOD dilution water: 


(a) Supply of a satisfactory nitro- 
gen source for the growth of 
organisms oxidizing the lower 
fatty acids, oxalic acid, and 
carboxymethylcellulose. 
Prevention of nitrification up 
to a period of at least 20 days, 
therefore allowing for direct 
BOD measurements including 
only carbonaceous oxygen de- 
mand. 


(b 


; 
| 
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By E. R. Hermann 


The design and operation of stabili- 
zation ponds strictly as waste-water 
treatment devices has been developed 
in the field largely on an empirical 
basis. Frequently, the outdoor en- 
vironmental factors influencing the op- 
eration of the biological systems could 
not be controlled and, furthermore, 
there was no way of knowing which 
of these factors had the most effect. 
With the addition of a certain degree 
of laboratory control and a detailed 
statistical analysis of field data, a basis 
for design and operation has been de- 
veloped and reported (1). 


* Presently Industrial Hygiene Engineer, 
Humble Oil and Refining Co., Baytown, Tex. 


WASTE STABILIZATION PONDS 
I. EXPERIMENTAL INVESTIGATIONS 


Respectively, Research Engineer, Sanitary Engineering Research Laboratory; and 
Associate Professor of Sanitary Engineering, University of Texas, 
Austin, Tex. 


* anp E. F. 


Herein the results of four years of 
experimental investigations employing 
laboratory models and outdoor pilot 
plants are reported. Laboratory ex- 
perimentation was conducted under 
various environmental conditions. 
Both natural and synthetic substrates 
were employed as influent wastes. The 
effects of hydraulic phenomena such 
as recirculation and turbulent mixing 
were studied in relation to BOD load- 
ing and detention time. 

In subsequent articles of this series, 
Part II will be devoted to an analysis 
of performance data and _ physical 
features of waste stabilization ponds 
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() AQUARIUM, 45L 


@INFLUENT HOLDING TANK 
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(EFFLUENT HOLDING TANK, 20L BOTTLE 
@) PARABOLIC REFLECTOR AND LIGHTING SYSTEM 


w. BAFFLES 


FIGURE 1.—Laboratory model for continuous flow experiments. 
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EQUIPMENT 
(@ INFLUENT HOLDING TANK 
@ STIRRER 
@) SIGMAMOTOR PUMP 
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FIGURE 2.—Laboratory model—turbulent mixing experiment. 


located at 188 communities throughout 


teria will be developed. 
Experimental work is presented in 


three sections: laboratory models—un- 
Texas, while in Part III design eri- controlled 


environment; laboratory 


models—controlled environment; and 
outdoor pilot-plant experiments. The 
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FIGURE 3.—Multi-basin waste stabilization ponds. 
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first group of experiments resulted 
mainly in delineation of the problems 
involved. The second group of experi- 


mental runs under controlled condi- 
tions, provided data from varying de- 
tention period, waste loading, recircu- 
lation, 


and turbulent mixing. Pilot 


Two sets of three aquaria, each con- 
taining 45 liters of algae water, were 
arranged in series and exposed to 
outside weather conditions. Daily 
batch feeding with a synthetic sub- 
strate consisting of urea, peptone, beef 
extract, and essential salts produced 
the results shown in Table I. The 
mean influent 5-day BOD in Test No. 
1 was 230 mg/l and _ represented 
BOD loadings of 515, 257, and 172 
Ib per acre per day for the cumulative 
surface areas of the 3 aquaria. De- 
tention periods were successively 3.3, 
6.7, and 10.0 days. BOD removal was 
high, ranging from 85 to 98 per cent. 


FIGURE 4.—Rectangular waste stabilization pond. 


Laboratory Models—Uncontrolled Environment 


plant investigations were used to test 
the effects of different operating 
depths and to determine the extent 
to which laboratory results would be 
duplicated in the field. Diagrams of 
typical experimental arrangements 


are shown in Figures 1, 2, 3, and 4. 


The residual BOD of the final effluent 
had a mean value of only 8 mg/1. 

In comparing Test No. 1 with Test 
No. 2 it is noted that although the 
over-all detention is almost doubled in 
Test No. 2, a higher final effluent BOD 
was obtained. In other words, the 
BOD removal in Test No. 2 was 
smaller even though the detention pe- 
riod was longer and the total amount 
of organic feed and environmental 
conditions were identical. This phe- 
nomenon may be attributed to a con- 
siderable increase in algal population 
which occurred as a result of the 
increased detention. From this it may 
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TABLE I.—Aquaria Using Synthetic Sewage—Uncontrolled Temperature and Lighting* 


April 1958 


Sample 
Source 
(Aquarium 

No. 


Deten. 
(Days) 


Turb. 
(mg/1) 


* Synthetic sewage pH = 8.0. 


be inferred that 
blooms 


unnecessary algal 
in the effluent of a waste 


Algae 
(Cells/ul) 


BOD 


Influent Removal 


(mg/1) |(Ib/acre/day) (%) 


230 515 85 
257 96 
172 98 


87 
91 
993 


stabilization pond should not be per- 
mitted. 


Laboratory Models—Controlled Environment 


In this group of experiments a syn- 
thetic waste, natural sewage, effects 
of recirculation, and effects of turbu- 
lent mixing were investigated. 


Synthetic Substrate—Starlac 
Experimental Conditions 


Three laboratory models (Figure 
1) were assembled, each consisting of 
two aquaria. The mean effluent rates 
from models A, B, and C were 16.6, 
9.3, and 3.0 ml/min, respectively, 
and corresponding influent rates were 
20.1, 12.8, and 5.7 ml/min. The dis- 
erepancies between influent and efflu- 
ent rates were due to evaporative 
losses. 

A light meter survey indicated that 
incident light intensities normal to the 
water surfaces ranged from 80 to 1,140 
foot-candles (ft-c) with an average 
value of approximately 500 ft-c. The 
models were lighted by means of this 
arrangement for 13 hr out of each 24- 
hr period. 

In anticipation of the possibility of 
using a synthetic sewage on a larger 
scale, wherein the cost of such items 
as peptone, castile soap, and urea 
might be prohibitive, a simple sub- 
strate was developed. The synthetic 


substrate contained non-fat dry milk 
solids (Starlac), dibasic potassium 
acid phosphate, tap water, and sewage 
seed. 

The theoretical BOD of the Starlae 
powder was calculated to be 658 mg/g 
and the empirical BOD later proved 
to be very to the theoretical 
value. Therefore, to obtain 250 mg/1 
of BOD in a liquid dispersion a con- 
centration of 380 mg/l of Starlae was 
required. This in turn provided 6.6 
mg/l of phosphorus and 22 mg/l] of 
nitrogen. The K,HPO, supplemented 
the phosphorus and potassium content 
and also buffered the pH so as to 
avoid the isoelectric range of such 
a constituent of Starlae as casein. 


close 


TABLE II.—-Average Analysis 
Synthetic Substrate 


BOD (mg/]) 
Total phosphorus (P) (mg/1) 
Soluble phosphorus (P) (mg/1) 
Total nitrogen (N) (mg/I) 

NH;-—N (mg/l) 

Org. N (mg/l) 
Soluble N (mg/l) 

Soluble org. N (mg/l) 
Median pH value 

pH range 


Test ngt Eff. 
No. | of Test | | 
| 
< 1 50 1 33 | — 173 8.0 
50 2 6.7 — 131 8.1 
pay 50 3 10.0 | — | 315 8.7 
ao 2 93 1 6.7 | 570 | 1,200 | 210 235 27 9.5 
9 93 2 13.7 | 560 | 1,500 | 27 117 19 10.1 
oO 93 3 20.0 | 640 | 1,100 19 78 16 10.1 
250.0 
11.1 
7.9 
19.7 
0.2 
19.5 
18.0 
18.0 
8.0 
9.5-6.5 
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Adequate dispersion of the liquid feed 
was maintained during the 24-hr pe- 
riod between batches. Addition of 
sewage seed and tap water insured 
presence of indigenous organisms and 
trace elements. Average analytical 
values obtained are given in Table II. 

The temperature of the waste water 
in the aquaria was dependent upon 
the ambient temperature in the labora- 
tory and absorption of radiant energy 
from the light sources suspended over 
the aquaria. Although the maximum 
temperature in the laboratory was 
21.8°C and the average daily mini- 
mum was 17.8°C, the aquaria tem- 
perature cycles varied from 21°C at 
0800 hr when the lights were turned 
on, to 33°C at 2,100 hr just before the 
lights were extinguished. 

During the ‘‘shakedown”’ period it 
was noted that the contents of the 
aquaria tended to stratify and that 
scum consisting of dead and live algal 
eells accumulated at the water-air in- 
terface, thus preventing absorption of 
light energy into the underlying ecul- 
ture. As a result the aquaria receiv- 
ing the greater BOD loadings soon 
became anaerobic and the _ bacterial- 
algal culture become predominantly 
bacterial. This observation indicated 
that prevention of scum formation is 
desirable for effective pond operation. 
In full-scale ponds the formation of 
scum is partially inhibited by wind 
and wave action; therefore, jets of air 
from 2-mm ID glass-capillary tubes 
were directed obliquely onto the 
aquaria surfaces so as to ereate small 
surface currents. These currents were 
apparently confined to the top 1 or 
2 em of aquarium depth, since subse- 
quent thermometric measurements 
relative to depth still showed the ex- 
istence of temperature stratification in 
the liquid medium. 

The controlled factors, i.e., light, 
temperature, flow rates, nutrient con- 
centrations, and ‘‘wind’’ were con- 
sistent during the experimental run. 
Based upon the mean influent rates 
the detention periods for models A, 
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B, and C were 3.1, 4.8, and 10.6 days, 
respectively. 

Analyses were made on the influent 
waste, effluent from each model, and 
filtered effluents, all on a continuing 


basis. The filter medium used 
throughout this group of experiments 
was ‘‘Celite 535,’’ made from dia- 
tomaceous earth. This filter medium 
was chosen because of its desirable 
characteristics for algae filtration as 
indicated by previous experimental 
work. Therefore, it should be borne 
in mind that the criterion employed 
for defining soluble phosphorus, solu- 
ble nitrogen, or BOD in filtered efflu- 
ents, is dependent primarily upon the 
fractional separation of particles, 
colloids and ions afforded by the filter 
medium acting on a certain fluid sub- 
strate. 

In addition to the above, a survey 
of each aquarium for DO and pH was 
made at the end of the experimental 
run. The DO survey encompassed one 
24-hr cycle and was related to time, 
temperature, and depth of sample 
withdrawal. The pH survey consisted 
of a single group of observations with 
respect to depth. 


BOD Results 


The BOD of the effluents from the 
laboratory units was low, considering 
the loading. The unfiltered BOD 
varied between 10 and 40 mg/l in 
model A; 5 and 20 mg/l in model B; 
and 5 and 20 mg/I in model C. The 
BOD of the filtered effluents was about 
50 per cent of the unfiltered suspen- 
sions. This 50 per cent ratio appeared 
to be a consistent value as verified in 
several other experiments. The daily 
variation of the effluent BOD’s is 
shown in Figure 5. All BOD concen- 
trations are ‘‘crude’’ values, 1.e., they 
have not been corrected for evapora- 
tive losses. 


Nitrogen and Phosphorus 


The mean nitrogen values of the in- 
fluent waste were 0.2 mg/l ammonia 
N, 19.5 mg/l organic N, 19.7 mg/1 
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FIGURE 5.—Daily effluent BOD—Starlac. 


total N, and 0.24 mg/l nitrate N. 
The daily filtered and _ unfiltered 
values for nitrogen in the effluent, 
with the exception of nitrate N, are 
presented in Figures 6 and 7. The 
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FIGURE 6.—Nitrogen concentrations in 
filtered effluents—Starlac. 
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nitrate concentrations in the effluents 
were less than 0.2 mg/l. No significant 
changes or trends were indicated by 
this particular analysis throughout the 
experimental run. However, the con- 
sistently low nitrate N concentration 
obtained in the effluents of all three 
models leads one to suspect that bac- 
terial-algal systems such as the ones 
under study may be conservative of 
nitrates and would be useful in the 
treatment of high nitrate wastes. The 
relative trends of the various nitrogen 
components are also apparent. A\l- 
though the graphical form of the data 
indicates that a steady state has been 
reached, failure to recover as much 
nitrogen from the effluents as was 
provided by the influent shows that 
either nitrogen was being lost to the 
atmosphere or deposition was occur- 
ing in the aquaria. In the latter 
possibility, retention of material may 
have been in the form of settled solids, 
suspended solids, and even stratified 
solutions having different densities. 
To provide a true correlation between 
influent and effluent values, the effluent 
results were corrected for evaporative 


NH,-N VS TIME 
. NOTE MEAN INFLUENT VALUES 

NHy-N O2 MG/L 

ORG N SMG/L 
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FIGURE 7.—Nitrogen concentrations in 
effluents—Starlac. 
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FIGURE 8.—Phosphorus concentrations in 
effluents—Starlac. 


losses. Diatomaceous earth filtration 
of the effluents resulted in removals of 
the remaining total nitrogen of 23, 24, 
and 45 per cent, respectively, in models 
A, B, and C. 

The influent waste had mean con- 
centrations of 7.85 mg/1 soluble P and 
11.05 mg/l total P. The daily efflu- 
ent values are shown in Figure 8. Of 
the three nutrient parameters (BOD, 
N, and P), the phosphorus determina- 
tions were the most consistent. 

The trends of the curves showing 
total phosphorus in the effluents indi- 
cate that models A, B, and C had 
reached steady conditions after about 
10, 13, and 30 days, respectively. The 
duration of this test was 32 days. The 
fact that the phosphorus recovery 
neither reached nor exceeded unity 
(100 per cent) indicated that the 
steady conditions were not absolute, 
and that, as in the case of nitrogen, 
organic and inorganic phosphorus com- 
pounds were being lost from the liquid 
system or retained in the aquaria. Ob- 
servation of the soluble phosphorus 
data shows that the attainment of a 
steady state in both A and B models 
was delayed in time or shifted to the 
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right when compared to total phos- 
phorus data. This observation sug- 
gests that there might have been a 
conversion of insoluble phosphorus 
compounds to soluble compounds by 
the bacterial components of the bio- 
logical system, and that the latter 
soluble phosphorus compounds were 
most readily utilized by the algae to 
build new cells during the first 15 to 
20 days of the experimental run. The 
soluble phosphorus in model C effluent 
might have just reached the aforemen- 
tioned temporary steady condition, 
when the run was terminated. 


Algae 


All three model stabilization ponds, 
operating under quiescent conditions, 
had proportionately few algae carried 
out in the effluent. Based solely upon 
occasional grab samples, it was esti- 
mated that the algae concentrations in 
the various aquaria ranged from 100 
to 1500 cells/ul. The information con- 
tributed by this particular analysis 
was that most of the algae in all three 
models were retained. This _phe- 
nomenon was attributed to the physi- 
cal properties of the experimental ap- 
paratus and mode of operation. 

The predominant genus of algae in 
the effluents of models B and C was 
Scenedesmus. The genus Oocystis was 
also present in appreciable numbers 
and at the very end of the experi- 
mental run Euglena was the most 
prevalent in the A aquaria. In the 
B and C aquaria, mats of filamentous 
algae formed from time to time; how- 
ever, these organisms were not found 
in the effluents, due to their surface 
collection while the outlet was located 
beneath the surface. 


Dissolved Oxygen 


At the end of the Starlae run a dis- 
solved oxygen survey of the six aquaria 
was performed. Samples were care- 


fully siphoned from the top, middle, 
and bottom levels of each tank and 
The above pro- 


analyzed for DO. 
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cedure was repeated hourly for 24 hr. 
The temperature at the point of with- 
drawal of each sample was also meas- 
ured to provide a basis for calculation 
of oxygen saturation. Figure 9, illus- 
trating the DO _ econcentrations in 
model A, shows that no measurable 
DO was produced in Aquarium A, ; 
however, a faint surface bloom was 
observed daily in this tank starting 
about 4 hr after the lights were turned 
on and persisting until after they were 
extinguished at 2100 hr. Any oxygen 
liberated by these algae evidently was 
immediately utilized by the bacteria 
for oxidation. In tank A, both the 
top and middle samples contained DO 
after 11 hr of illumination. Shortly 
after the lights were turned off the 
DO level again dropped to zero. Al- 
though the above-mentioned concentra- 
tions of oxygen in solution were quite 
small, it should be noted that the mid- 
depth samples contained more oxygen 
than the surface samples. This phe- 
nomenon supports the idea that the 
free-swimming algae stratify and se- 
lect an optimal level relative to light 
intensity, provided quiescent condi- 
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tions are maintained. Anaerobiosis 
was quite pronounced in the bottom 
samples from both A, and A,, as evi- 
denced by liberation of H,S during 
the acidification step of the Winkler 
Test. The limited algae population, 
however, served a very useful function 
in that it prevented the entire tank 
from becoming septic, maintained a de- 
sirable pH condition, and limited the 
development of an odor problem. 

The DO survey of model B is de- 
picted by Figure 10. No measurable 
DO was produced in aquarium B, 
during the 24-hr observation period; 
however, oxygenation of the water in 
aquarium B, was actively carried out 
by the algae to the extent that the 
top and middle strata were super- 
saturated during 8 of the 13 hr of 
irradiance. The DO concentration of 
the bottom stratum showed consider- 
able variation, probably due to agita- 
tion and pick-up of anaerobic sedi- 
ments during the sampling procedure. 
The rapid deoxygenation produced by 
shutting off the lights should be noted. 
As in aquaria A, and A, the anaero- 
biosis in the bottom of aquarium B, 
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FIGURE 10.—Dissolved oxygen survey—Model B—Starlac. 


had progressed to the stage where sul- 
fates were being reduced to sulfides. corresponding to the illuminated frac- 
In tank B, this anaerobic condition tion of the 24-hr cycle while aquarium 
was apparent only between the hours C, not only remained aerobie through- 


In model C (Figure 11) both supersaturated in the top and middle 
aquaria produced oxygen. 
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FIGURE 11.—Dissolved oxygen survey—Model C—Starlac. 
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Natural Sewage Substrate 
Experimental Conditions 


Following the controlled tests in- 
volving a synthetic substrate, an ex- 
perimental run using domestic sewage 
was undertaken. In preparation of 
this experiment, the six aquaria were 
drained and cleaned. The liquid 
from the aquaria was combined, mixed 
into a homogeneous batch, analyzed, 
and returned to the aquaria as starter 
material for the sewage run. Light 
and wind were simulated as before. 
Temperatures varied between 25°C 
and 33°C, 

The mean influent rates were 18.6, 
11.6, and 5.3 ml/min for A, B, and 
C units, respectively, and the corre- 
sponding mean effluent rates were 17.2, 
9.5, and 3.5 ml/min. Thus, the ratios 
of effluent to influent were 0.922, 0.823, 
and 0.650 in A—B-C order. These val- 
ues were used as coefficients in evapora- 
tion loss corrections. 

Raw sewage was obtained daily, set- 
tled for approximately 15 min, 
strained through a 16-mesh screen, and 
fed at different rates to each of the 
three models. To eliminate settling 
of solids in the influent holding tank, 
a mechanical stirrer was provided. An 
average analysis of the sewage sub- 
strate is given in Table III. 

The detention periods for the three 
models were 3.4, 5.3, and 11.2 days 
for A, B, and C, respectively, based 
on the mean influent rates. BOD load- 
ings and results are summarized in 
Table IV. 


TABLE IV.—Laboratory Models—Controlled Environment* 
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TABLE III.—Average Analysis— 
Sewage Substrate 


BOD (5-day, 20° C) (mg/l) 
Total phosphorus (P) (mg/I) 
Soluble phosphorus (P) (mg/1) 
Total nitrogen (N) (mg/l) 

NH;-—N (mg/l) 

Org. N (mg/1) 
Soluble N (mg/]) 

Soluble org. N (mg/]) 
Total solids (mg/]) 

Fixed matter (%) 
Optical density * 

Soluble optical density 
Median pH value 


* Using 1.8 cm cylindrical cuvettes and 410 
my light in a Lumetron Colorimeter, Model 401. 


BOD Results 


Based upon the BOD of the efflu- 
ents, the model oxidation ponds were 
very effective in stabilizing the sewage. 
The average BOD removals were 91, 
93, and 96 per cent for models A, B, 
and C, respectively. Filtration of the 
suspended matter from the effluents 
further removed 25 to 35 per cent of 
the remaining BOD. In many eases 
the BOD of the filtered effluent was 
less than 10 mg/I. 


Nitrogen and Phosphorus 


Mean nitrogen values obtained daily 
on the influent sewage are given in 
Table III. Plotted curves indicate that 
steady state had been reached in each 
of the three models. Computations of 
material balances for total N are shown 
in Table V. Failure to recover all of 
the nitrogen in the liquid phase of the 


BOD 


Length 
of Test 
(Days) 


Influent 


Effluent Removal 


| 
Min | Avg 
(mg/l) | (mg/)) 


310 
310 
310 | 


3.1 
4.8 
10.6 


| = | 
| 


(mg/l) 


Max Filt. 


(mg/l) 


Unfilt. 
(mg/l) 


Filt. 

(%) 
93 
95 
97 


Avg 
(Ib/acre/day) 


22 
16 


263 29 
21 


12 


* Austin, Texas sewage. 
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biological system was most likely due 
to loss into the atmosphere. This as- 
sumption seems valid since during, part 
of each 24-hr period a portion of each 
model was void of DO. Denitrification 
under these conditions will progress 
according to the schema NO, ~ NO, 
—N,. Effusion of N, from the liquid 
contents of the aquaria could easily 
account for the total nitrogen loss, 
especially since pH values from 7.6 to 
8.2 predominated in the middle and 
upper regions. To illustrate, it may 
be ealeulated that the nitrogen effusion 
from the surface of model A need 
only have averaged 144 pg/sq em/day. 
The effluent nitrogen results were all 
adjusted for evaporative losses so as to 
provide correlation with the influent 
values. 

Filtration of the effluents through 
diatomaceous earth removed 12, 23, 
and 31 per cent of the residual total 
nitrogen from the A, B, and C efflu- 
ents, respectively. 

The mean concentration of total 
phosphorus in the sewage fed to the 
aquaria was 12.92 mg/l, of which 6.75 
mg 1 (52 per cent) was soluble P. 
Other than a general increase in both 
total and soluble P with passage of time, 
it appears impossible to attach any sig- 
nificance to the trends of phosphorus 
increase. Material balances for total 
P showed recoveries for the liquid 
phase of 80, 74, and 69 per cent for 
models A, B, and C, respectively. 
Greater loss of phosphorus with in- 
creased detention lends credence to the 
idea that effusion of phosphorus from 


TABLE V.—Material Balances for Total 
Nitrogen Using Austin Sewage 


Total NIn Total N Out | N Recovery 


Model 
A Wy 52.17 69 
B 47.7 24.4 51 
Cc 22.5 11.0 49 


* Nitrogen in aquaria at beginning of run— 
1.0 g; nitrogen in waste fed into system—74.7 g. 

+ Nitrogen in effluent from system—40.3 g; 
nitrogen in aquaria at end of run—11.8 g. 
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TABLE VI.—Algae Counts from Laboratory 
Models Using Austin Sewage 


| le | 
| Algae : 
Aquarium | Count Other Genera 
| (Cells /1) | 
Ay 56 Phacus Scenedesmus 
| | Scenedesmus | Phacus 
Bi | 120 | Phacus Scenedesmus, 
Euglena 
Bz | 150 | Phacus Scenedesmus, 
Euglena 
Ci | 300 | Scenedesmus | Phacus 
C; | 340 | Scenedesmus | Phacus 
! 
the models in such compounds as 


hydrogen phosphide may have taken 
place. An accounting of the quanti- 
ties of soluble P into and out of the 
system indicates considerable conver- 
sion of total P to soluble P and at the 
same time supports the above men- 
tioned concept of loss of phosphorus 
to the atmosphere as a function of time. 


Algae 


The initial stock contents of all six 
aquaria had an algae count of 780 
cells/ul, Scenedesmus predominating. 
At the end of the experimental run 
unicellular algae were counted from 
the representative samples of the 
aquaria contents and are shown in 
Table VI. 

All samples also contained some 
filamentous organisms (uncounted) 
such as Oscillatoria and Sphaerotilus, 
as well as numerous bacteria and small 
protozoa. The latter were especially 
prominent in A, and A,. Compara- 
tively few algae were carried out in 
effluents, primarily because the effluent 
was withdrawn from a point located two 
em below the surface. Daily algae 
counts of the effluent from model A 
ranged from 0 to 340 cells/ul with a 
mean value of 19 cells /ul. The mini- 
mum, mean, and maximum values for 
model B were 0, 35, and 135 eells/l 
while corresponding observations for 
model C were 0, 30, and 182 cells/yl. 
At the beginning of the experimental 


run the predominant genus in all three 
On the 13th 


effluents was Scenedesmus. 
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day Phacus became dominant in the A 
effluent ; it was not until the 27th day, 
however, that Phacus predominated in 
the B and C effluents. Mats of fila- 
mentous blue-green algae formed in 
the aquaria from time to time, but 
were not found in the effluents. Ability 
of the algae present to congregate at an 
optimal stratum was illustrated by 
sampling at different depths. 


Dissolved Oxygen 


A dissolved oxygen survey was made 
on each of the six aquaria a few days 
before the end of the experimental run. 
No measurable DO was produced in 
aquarium A,; any oxygen liberated by 
the algal cells evidently was utilized 
immediately in bacterial oxidation. In 
tank A, the top level showed a trace 
of DO after 10 hr of illumination. 
Anaerobic conditions in nearly all of 
the A, and A, samples were indicated 
by liberation of H,S upon acidification. 
On the other hand, the contents of A, 
had a stable pH value of about 7.2 and 


for samples taken at various depths in 
A, the range of pH from more than 
90 observations was 7.4 to 7.9. 

No measurable DO was produced in 


SEWAGE AND INDUSTRIAL WASTES 


April 1958 


aquarium B, during the 36-hr observa- 
tion period; in contrast, oxygenation 
of aquarium B, was well developed in 
the top and middle strata during the 
‘‘lighted’’ hours, although the bottom 
samples of B, contained no DO. Dur- 
ing this survey most of the samples of 
model B containing no DO liberated 
H,S upon acidification. The pH range 
for B, was 7.4 to 7.9, for B,, 7.5 to 8.1. 

In model C the DO concentration 
followed the same patterns. It should 
be noted that no DO was obtained in 
bottom samples from either aquarium. 
As in models A and B, most of the 
zero DO samples from model C liber- 
ated H,S when acidified. The pH 
range in C, was 7.3 to 7.8, and in C, 
ranged from 7.7 to 8.4. 


Solids 


The mean concentration of total 
solids in the sewage fed to the aquaria 
was 671 mg/l, of which 49 per cent 
was fixed matter. The total solids con- 
centrations of the effluents, as shown 
in Figure 12, gradually increased dur- 
ing the first four weeks of the experi- 
mental run. After the 28th day all 
three models appeared to have reached 
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FIGURE 12.—Total solids in effluents—sewage. 
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FIGURE 13.—Fixed and volatile portions of effluent total solids—sewage. 


steady conditions with respect to total 
solids. The relative proportions of 
fixed and volatile matter in the efflu- 
ents were plotted in Figure 13. The 
variations in these graphs are inter- 
preted as being due to the vagaries of 
this particular analysis. The trends 
of all three graphs have zero slopes; 
thus mean values of the per cent fixed 
matter should be representative of the 
entire experimental run. The values 
were: A, 66 per cent; B, 67 per cent; 
and C, 68 per cent. Final total solids 
values were all adjusted for evapora- 
tive losses. Calculations of material 
balances for total solids indicated re- 
coveries of 80, 80, and 90 per cent, 
respectively, for models A, B, and C. 


TABLE VII.—Material Balance for Fixed 
Solids in Laboratory Models 
Using Austin Sewage 


I Out R 
Model | | (e) 
A | 470 | 450 96 
B 297 282 95 
C | 143 | 142 99 


25 30 35 40 


Material balances for fixed solids are 
shown in Table VII. 


Recirculation Experiment 
Experimental Conditions 


Light, temperature, waste loading, 
and surface agitation were essentially 
the same for each of the three models. 
Recirculation was introduced as the 
factor to be tested and was provided 
by pumping from the effluent end of 
the second aquarium to the influent 
pipe of the first aquarium. The three 
models, designated as A, B, and C, 
were provided, respectively, with re- 
circulation factors of 10, 5, and 2. 
The detention periods were about 5 
days for each model. Other environ- 
mental conditions were similar to those 
previously discussed. 

For purposes of control and ecom- 
parison a synthetic substrate provid- 
ing 200 mg/l of BOD was employed 
as the influent waste. This substrate 
was made from Starlae as previously 
used but in a lower concentration. The 
BOD loading was approximately 107 
lb per acre per day for each model. 
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The controlled environmental condi- 
tions and influent nutrients varied less 
than+5 per cent from the average 
values reported. Flow rates when 
averaged over a 24-hr period were 
quite close to the final average, although 
shut-downs or pump failures of 10 to 
60 min duration occurred. Graphs of 
the effluent chemical constituents and 
physical properties indicate that about 
23 days were required before the sys- 
tems reached a steady state. 


BOD Results 


The mean BOD values of the efflu- 
ents after the models reached equi- 
librium were 6, 4, and 4 mg/l] for A, 
B, and C, respectively. Compared to 
single pass treatment, recirculation im- 
proved the BOD reduction; however, 
it should be noted that the models 
having recirculation factors of 5 and 
10 gave no better results than the 
model with a recirculation factor of 
only 2. The BOD results of the efflu- 
ents before filtration are plotted in 


25 


SEWAGE AND INDUSTRIAL WASTES 


April 1958 


Figure 14. Filtration 
BOD still further. 


reduced the 


Nitrogen and Phosphorus 


Utilization of nitrogen was greater 
during the establishment phase of 
each culture than after steady condi- 
tions had been reached. This was 
especially true of the soluble nitrogen 
constituents. At the end of the experi- 
mental run, analysis of the algae water 
remaining in each model pond showed 
a considerable build-up or retention 
of nitrogenous compounds by com- 
parison with the starting culture. A 
material balance for total nitrogen, 
however, showed recoveries ranging 
from 70 to 80 per cent. It is postu- 
lated that denitrification occurred 
from time to time with resultant effu- 
sion of N, to the atmosphere at the 
water surface. This loss of nitrogen 
was not as great as when recirculation 
was omitted. On the other hand, in- 
creasing the recirculation factor ap- 
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FIGURE 14.—BOD of effluents—recirculation experiment. 
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parently provided no greater nitrogen 
recovery or conservation in the system. 

The graphs of total and soluble 
phosphorus concentrations in the efflu- 
ents indicate that phosphorus passed 
through the models with very little 
utilization and at a uniform rate 
throughout the experimental period. 
Material balances gave the following 
results for total P: 


Total Phosphorus Recirculation 


Model Recovery (%) Factor 
A 79 10 
B 82 5 
Cc 94 2 


By comparison with unrecirculated 
models the addition of recirculation 
per se to the systems apparently de- 
creased the loss of phosphorus to the 
atmosphere. However, these results in- 
dicate that the greater the recircula- 
tion factor the greater the loss of phos- 
phorus from the liquid system. 


Solids 


Material balances for the fixed sol- 
ids into and out of each system indi- 
eated recoveries of 103, 94, and 111 
per cent for models A, B, and C, 
respectively. The deviations from 100 
per cent may have arisen from experi- 
mental error or, possibly in the case 
of high values, from the formation of 
carbonates from absorption of carbon 
dioxide from the atmosphere. 

The total solids concentration of the 
influent waste was 458 mg/l, of which 
37 per cent was fixed matter and 63 per 
cent volatile matter. At the beginning 
of the experimental run, from 80 to 
95 per cent of the total solids ap- 
peared in the effluents; after 20 days 
of continuous operation the effluent 
levels of total solids had dropped to 
less than 50 per cent of the mean in- 
fluent value where they remained in 
this region for the rest of the run. 
Accompanying this reduction in solids 
was a shift in the relative proportion 
of fixed and volatile matter so that the 
effluents during the last 50 days of the 
run contained only 25 per cent vola- 
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tile matter and 75 per cent fixed mat- 
ter. 


Algae 


The algae water used to start the 
experiment had an algae count of 231 
cells/ul, predominantly Scenedesmus 
with a few Phacus present. Micro- 
scopic examination of the effluents 
made three times a week showed a wide 
variety of algal genera to be present, 
including Phacus, Scenedesmus, Eu- 
glena, and during the last part of the 
run, Chlorella. The counts from model 
A effluent ranged from 0 to 66 cells/yl 
with a mean value of 12 cells/ul. The 
minimum, mean, and maximum values 
for model B were 0, 15, and 117 
cells/ul, and corresponding observa- 
tions for model C were 0, 3, and 17 
eells/ul. At the end of the experi- 
mental run representative samples of 
the aquaria contents had algae counts 
as follows with respect to unicellular 
free-swimming forms: A;, 0; 10; 
B,, 363; B., 528; C,, 0; and C., 16 
cells/ul. The predominant genus in B, 
and B, was Chlorella; in aquaria A,, 
A,, C,, and C,, however, the unicellular 
free-swimming forms were completely 
overridden by the filamentous genus 
Oscillatoria. 


Dissolved Oxygen 


The results of a dissolved oxygen 
survey are represented in Figures 15, 
16, and 17. In model © with a re- 
circulation factor of 2, no measurable 
DO was produced in aquarium C,; 
any oxygen liberated by the algal cells 
evidently was utilized immediately in 
bacterial oxidation. In the second 
aquarium of this system, C,, the top 
and middle strata were well oxy- 
genated during the hours of illumina- 
tion and although the concentration 
of DO in the bottom sample was not 
nearly so high, there was at least 14 
per cent of oxygen saturation present 
even at the end of the dark portion of 
the diurnal cycle. It is especially sig- 
nificant that the DO in top, middle, 
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FIGURE 15.—Dissolved oxygen survey—Model C—recirculation experiment. 


and bottom strata became equal ond aquarium within a few hours after 
shortly after the lights were turned the lights were extinguished. 

off and maintained a positive oxygen An interesting phenomenon took 
reserve throughout the hours of dark- place in the operation of model B, 
ness. In contrast to this, the DO level which operated with a recirculation 
in similar experiments without re- factor of 5. Dissolved oxygen from 
circulation dropped to zero in the sec- B,, the second aquarium, was brought 
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FIGURE 16.—Dissolved oxygen survey—Model B—recirculation experiment. 
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around to the first tank with the re- 
sult that about 50 per cent oxygen 
saturation was reached in the top and 
middle strata during the ‘‘afternoon”’ 
hours. The bottom stratum, however, 
remained devoid of DO. The presence 
of DO in the first aquarium did not 
occur when no recirculation was pro- 
vided nor did it occur when the re- 
circulation factor was 2. It should be 
further noted that during the dark 
hours the level of the DO in the top, 
E middle, and bottom strata of B, was 
appreciably lower than when the re- 
circulation factor was 2. Thus the 
gain of DO in B, seems to have been 
at the expense of B,. Due to the dis- 
turbance of the hydraulic pattern by 
sampling and shifting of the phases 
of the three periodic functions in- 
volved (detention, illumination, and 
recirculation), no DO appeared in the 
first tank when the survey was ex- 
tended beyond a 24-hr period. If 
the hydraulic and lighting cycles are 
considered, i.e., detention period = 5 
days, recirculation factor = 5, and the 
lighting cycle = 1 day, it becomes ap- 
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FIGURE 17.—Dissolved oxygen survey—Model A—recirculation experiment. 
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parent that at least transient syn- 
chronization must occur with the re- 
sult that reinforcement in the cyclic 
production of oxygen by the algal 
cells must also occur. 

Dissolved oxygen distribution in 
model A, having a recirculation factor 
of 10, shows a complete reversal of 
normal conditions relative to the first 
and second aquaria (Figure 17). In- 
stead of the normal pattern in which 
higher concentrations of DO would 
occur in A, than in A,, the reverse 
was true. In addition to the above 
it is seen that both aquaria were de- 
void of DO during most of the dark 
portion of the lighting cycle. As in 
model B, shifting of the phases of the 
three periodic functions, aggravated 
by sampling disturbances, decreased 
the DO level in A, and increased it in 
A, during the first portion of the 
second diurnal cycle plotted in Figure 
17. The foregoing observations rela- 
tive to model A tend to substantiate 
the hypothesis that reinforcement in 
the cyclic production of oxygen by 
algae in waste stabilization ponds is 
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a function of recirculation. This phe- 
nomenon should be of importance in 
the development of design and operat- 
ing criteria, especially those dealing 
with the acceptance of shock loads and 
odor control. 


Turbulent Mixing Experiment 


Erperimental Conditions 


Although the purpose of the re- 
search was to find and develop better 
methods of accomplishing waste sta- 
bilization rather than to grow algae, 
it was felt that turbulent mixing 
should be investigated because of its 
apparent advantages in providing (a) 
a more uniform distribution of nutri- 
ent materials, (b) quick transfer of 
oxygen arising from both photosyn- 
thesis and surface absorption to lower 
depths, and (c) more efficient utiliza- 
tion of available algae as oxygenators 
due to the intermittent light effect. 
Accordingly, a turbulent mixing ex- 
periment was initiated using three 
laboratory models operating at deten- 
tion periods of approximately 1.5, 3.0, 
and 5 days, designated as A, B, and 
C, respectively. These detention pe- 
riods were based upon the mean in- 
fluent rates which were: A, 19.3 ml/ 
min; B, 12.5 ml/min; and C, 5.4 
ml/min. The mean effluent rates were 
0.995, 0.936, and 0.834 ml/min in A, 
B, and C order. These values were 
used as coefficients of reconstitution 
in evaporation loss corrections. 

The environmental aspects such as 
lighting were similar to those pre- 
viously discussed. The average maxi- 
mum and minimum daily temperatures 
were 28°C and 22°C, respectively. 
Maximum hourly temperatures were 
36°C. The influent synthetic sub- 
strate (Starlac) had a BOD of 207 
mg/1. 

A vertical or upflow settling tank, 
consisting simply of a piece of plastic 
tubing of appropriate diameter and 
length to provide a detention period 
of 2 hr, received the effluent from each 
aquarium. In addition to plain sedi- 
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mentation, clarification was brought 
about by siphoning the effluent from 
a plane located about 2 em below the 
water surface. It had been noticed 
in previous experiments that the free- 
swimming algal cells accumulated in a 
stratum some 5 to 10 em beneath the 
water surface during the ‘‘daylight”’ 
hours (500 ft-e incident light) and 
rose to the surface during the hours 
of darkness. By drawing off the efflu- 
ent from a point located beneath the 
surface and above the usual depth of 
the algae stratum, further separation 
was effected. 


BOD Results 


The BOD loadings of the three units 
were 338 Ib per acre per day for 
model A, 210 lb per acre per day for 
model B, and 95 Ib per acre per day 
for model C. The mean BOD concen- 
trations in the unsettled samples 
drawn directly from the continuously 
agitated aquaria were 39 mg/l, 49 
mg/l, and 19 mg/1 for A, B, and C, 
respectively. Sedimentation tank efflu- 
ents designated as A’, B’, and C’ con- 
tained 27, 26, and 14 mg/1 of 5-day 
20°C BOD. These are crude values, 
not corrected for evaporative losses. 
The length of the run was 50 days. 


Nitrogen 


The mean nitrogen values of the 
influent waste were 0.5 mg/l ammonia 
N, 15.2 mg/] Organie N, and 15.7 mg/1 
total N. No nitrate analyses were 
made because prior experiments had 
indicated that nitrate concentrations 
would be of no significance under the 
conditions of this experimental run. 
Samples taken directly from the 
aquaria and from the sedimentation 
tanks are represented in relation to 
time. Data on nitrogen constituents 
show that turbulent mixing results in 
the system reaching steady conditions 
with respect to metabolism much more 
readily than with quiescent flow. How- 
ever, material balances calculated from 
analyses of the initial and _ final 
aquarium contents and from the in- 
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fluent and effluent waste waters of the 
aquaria showed an over-all loss of 
nitrogen from all three models, al- 
though there was a net gain in am- 
monia N at the expense of Organic N 
in all three cases. In general, as the 
BOD loading increases (shorter deten- 
tion period) there is a corresponding 
increase in the denitrification of Or- 
ganic N to ammonia N. 


Algae 


The initial stock contents of the 
aquaria had an algae count of 1,815 
cells/ul in model A, 165 cells/ul in B, 
and 693 cells/ul in C. Chlorella and 
Oocystis were mainly present. The 
algae were fairly abundant and varied 
widely in population density. Chlo- 
rella was by far the most predominant 
algal genus observed in both the 
aquarium and settled effluent samples 
during the entire experimental run; 
however, euglenoids and other genera 
became more abundant during periods 
when the algae counts were low. Al- 
though maximum populations of 850 
cells/ul, 3,650 cells/ul, and 3,400 
cells/ul occurred in A, B, and C, re- 
spectively, the counts at the end of 


100 T T T 


the experiment were only 343 cells/ul, 
544 cells/ul, and 218 cells/ul in repre- 
sentative samples obtained after free- 
ing all slimes from the walls and 
homogenizing the aquarium contents 
of each model. Although environ- 
mental conditions were adequately 
controlled, the population of free-float- 
ing algae had declined considerably. 
No apparent reason for this behavior 
was found. 


Dissolved Oxygen 


The results of the dissolved oxygen 
survey, made on each aquarium at the 
end of the experimental run are 
shown in Figures 18, 19, and 20. The 
detection of even small amounts of 
free oxygen in solution in model A 
was considered encouraging in view 
of the BOD loading (338 lb per acre 
per day) and detention period (1.5 
days). Although aquarium A was de- 
void of DO almost 65 per cent of the 
time, there was no indication of H,S 
production upon acidification of the 
hourly samples. This phenomenon is 
held to be quite significant and will be 
discussed in the concluding article of 
this series. The contents of model A 
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FIGURE 18.—Dissolved oxygen survey—Model A—turbulent mixing experiment. 


: 
60 A a 
40 
SLUDGE 
20 A 
Q A 
0500 1600 | 


SEWAGE AND INDUSTRIAL WASTES April 1958 


T T T T T T T 


LIGHTS ON 500 F-C L LIGHTS OFF } LIGHTS ON 500 F-C 


LEGEND 


IN 


| 


B 


PER CENT OXYGEN SATURATION 


0 1200 1600 2000 2400 0400 0800 1200 1600 
TIME IN HOURS 


FIGURE 19.—Dissolved oxygen survey—Model B—turbulent mixing experiment. 


had a stable pH value of 7.3 during aquarium effluent to the settling tank 

the survey period. effluent. As in the more heavily loaded 
The DO concentrations that oc- model A, the pH value was very stable, 

curred in model B are shown in Figure ranging from 7.4 to 7.5, and tests for 

19. It is of interest to note the mod- H.S were negative. 

erating effect of turbulent mixing and In model C the DO concentrations 

the carry-over of DO from the were quite high and remained above 
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FIGURE 20.—Dissolved oxygen survey—Model C—turbulent mixing experiment. 
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TABLE VIII.—BOD Reduction in a Rectangular Oxidation Pond, 35 Ft Long, 
4 Ft Wide, 2 Ft Deep, Containing Settled Sewage 


pH 


BOD 


Run No. 


Infi. 


(Ib/acre/day) 


7.8 


27 
54 


82 
72 


zero during the entire cycle. During 
8 hr of the 12.5-hr illumination period 
the pond contents were supersaturated. 
As expected, there was no evidence of 
sulfide production. The pH values in 
this model, unlike the other two, 


As another step toward developing 
design and operating criteria for waste 
stabilization ponds, two outdoor pilot 
plants were used. One consisted of 
three series-connected pyramidal ba- 
sins, each having a capacity of 1,200 
gallons. The other pilot plant was a 
long rectangular conerete tank ori- 
ented with its long axis in the North- 
South direction. 


Batch Loading 


The results of preliminary studies are 
summarized in Tables VIII and IX. 
The pilot ponds were batch fed on a 
daily draw-off and make-up basis. The 
influent waste water was atypical of 
domestie sewage since it was obtained 


Outdoor Pilot-Plant Experiments 


TABLE IX.—BOD Reduction in Series-Connected Oxidation Ponds* 


showed a definite diurnal variation. 
At 0800 hr the pH was 7.4 and rose 
steadily to a value of 8.2 when the 
lights were turned off at 2030 hr. 
Within an hour the pH value had 
dropped back to 7.4. 


from an Imhoff tank receiving a highly 
variable research laboratory waste. 
Known waste sources include human 
excreta, animal excreta and feed waste, 
and chemistry and physies laboratory 
drainage. Differences in BOD loading 
were considerably greater than would 
ordinarily be expected and the waste 
water probably contained many sub- 
stances not amenable to biological 
treatment. 


Continuous Loading with 
Recirculation 
Experimental Conditions 


A pilot-plant study was conducted 
between June and Aug. of 1955, using 
the rectangular pond. With the depth 


pH BOD 
Deten. 
(Days) Effi Removed 
Infi. Effi. (mg/l) (%) 
(mg/l) (Ib/acre/day) 
1 6.7 Fa | 9.5 106 63 32 70 
2 13.4 9.5 10.2 32 42 27 75 
3 20.0 10.2 10.3 27 21 25 77 


* Three rectangular tanks with sloping walls; average depth approximately 2 ft; each tank— 


1,200 gal. 
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maintained at 2 ft, the tank had a 
liquid volume of 7,800 1. A detention 
period of 5 days was used and 1,554 1 
per day of synthetic sewage were fed 
during the 70-day run. A recirculation 
factor of 6.4 was employed. Tempera- 
tures, pH values, flow data, and algae 
counts were recorded daily. Samples 
for the remaining laboratory analyses 
such as BOD, nitrogen and phosphorus 
constituents, total solids, and optical 
density were collected three times per 
week. Evaporation losses were 12.2 
per cent; therefore, the reconstitution 
factor was 0.878. Synthetic sewage 
having a BOD of 140 mg/1 was pro- 
vided. Thus, the loading on the pilot 
pond was 163 lb per acre per day.. 

The weather during this experi- 
mental run was hot and dry with the 
exception of 4 or 5 showers. There 
were no periods of prolonged cloudi- 
ness. Resultant analyses of the tank 
contents and the effluents indicated 
that the operating processes were er- 
ratic under these uncontrolled condi- 
tions. 
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BOD Results 


The mean BOD of the effluent from 
this pilot plant was 27 mg/l; how- 
ever, observed values ranged from 9 
mg/l to 58 mg/l. Comparison of the 
time plot for BOD (Figure 21) with 
the daily log on pond conditions and 
predominant genus of algae present, 
indicates an interrelationship between 
the three. Algal blooms resulting in 


scum formation seemingly were re- 
sponsible for the variations exhibited 
here, and apparently occur in cycles. 


Nitrogen and Phosphorus 


Analysis of plain and filtered efflu- 
ents during the 70-day run produced 
the nitrogen results recorded in Fig- 
ures 22 and 23. There is a marked re- 
semblance of the graphs for both total 
N constituents and soluble N constitu- 
ents to the graph for BOD. Utilization 
of nitrogen was greater during those 
phases when scum was controlled and 
greater photosynthetic oxygenation 
was taking place. Calculation of a 
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FIGURE 21.—BOD in effluent—pilot plant with recirculation. 
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material balance for total N indicated 
that of the 1,193 g of N contained in recovery was 80.6 per cent. 
the starter material and the feed, 962 
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FIGURE 22.—Nitrogen in effluent—pilot plant with recirculation. 


the final tank contents. 


The nitrogen 


Graphs of total P and soluble P con- 
were recovered in the effluent and centrations in the effluent (Figure 24) 
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FIGURE 23.—Nitrogen in filtered effluent—pilot plant with recirculation. 
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show that there was little over-all 
utilization of phosphorus by the sys- 
tem. It should be noted, however, that 
uptake of phosphorus paralleled re- 
sults for BOD and N in regard to 
pond cycles and scum formation. The 
material balance for soluble P showed 
a recovery of 94 per cent; while a 
similar balance for total P resulted 
in 87 per cent recovery. 


Total Solids 


The influent waste contained 365 
mg/l of total solids, of which 48 per 
cent was fixed matter. The concentra- 
tion of total solids appearing in the 
effluent from the pond was fairly uni- 
form during the experimental run, 
with a mean value of 495 mg/1 (cor- 
rected for evaporation) and showed 
neither a positive nor negative trend. 


Algae 

The starter material used in the 
pilot pond had an algae count of 667 
cells/ul, mainly Euglena and Scenedes- 
mus. During the experimental run the 
predominant genus shifted from 
Euglena to Scenedesmus to Phacus to 
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Euglena to Scenedesmus and finally to 
Chlorella. Numbers of algae per unit 
volume as counted in samples from 
the pilot plant and the effluent are 
plotted in Figure 25. The algae count 
of the tank contents at the end of the 
run was 564 ecells/yl. 


Temperature and pH 


The average minimum daily tem- 
perature of the influent waste was 
30°C. The corresponding value for 
the tank contents and effluent was 27° 
C. The average maximum daily tem- 
perature of the influent waste was 
36°C while the tank contents reached 
only 31°C. The effluent had the same 
temperature as the latter value. Devia- 
tions from the foregoing values during 
the course of the experiment were not 
significant. The effluent pH had a 
median value of 7.7 and a narrow 
range of from 7.5 to 8.5. 


Effects of Different Depths 


Experimental Conditions 


During the period of July to August 
1956 an investigation of pilot waste 
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FIGURE 24.—Total and soluble phosphorus in effluent—pilot plant with recirculation. 
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stabilization ponds operating at three 
different depths was conducted. For 
this purpose the long rectangular con- 
erete pond was divided into thirds and 
ballasted with sand in two of the 
sections so as to provide three pilot 
ponds that were identical except for 
depth. It should be noted that the 
surfaces of the ponds were all at the 
same level so that light and wind con- 
ditions would be similar. One pilot 
plant was operated at a depth of 2 
ft, one at 3 ft, and one at 4 ft. These 
were designated as A, B, and C, re- 
spectively. So that the three ponds 
would have the same detention period 
of 5 days, they were fed at the follow- 
ing rates: A, 328 ml/min; B, 512 ml/ 
min; and C, 759 ml/min. Evaporative 
losses were 13.1, 8.4, and 5.7 per cent 
from A, B, and C, respectively. Thus, 
the corresponding coefficients of re- 
constitution were 0.869, 0.916, and 
0.943 for A, B, and C. 

The synthetic waste water, as in 
several of the previous experiments, 
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FIGURE 25.—Algae in pond and effluent—pilot plant with recirculation. 


40 
IN DAYS 


50 60 


consisted mainly of dried milk powder 
and tap water. The BOD of this 
influent waste water was about 200 
mg/l for all three ponds; however, due 
to the different hydraulie loadings re- 
quired to provide the same detention 
period in all three ponds, the BOD 
loadings were 217, 336, and 498 lb per 
acre per day for ponds that were 2, 3, 
and 4 ft in depth, respectively. 
During the experimental run of 30 
days the pilot ponds were fed daily. 
Control of scum formation was ac- 
complished by submergence into the 
pond whenever noticeable amounts ap- 
peared. Measurements of flow rates, 
temperatures, pH values, and dissolved 
oxygen concentrations were made 
daily. Analyses made three times per 
week included algae count, ammonia 
N, organic N, total N, soluble N, BOD, 
optical density, and surface tension. 
Weather conditions were hot and dry 
with the exception of one day of heavy 
rain and one additional day of over- 
east sky. 


fe) 10 20 70 
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BOD Results 


After steady state conditions were 
reached the unfiltered effluent samples 
of the three pilot plants had mean 
BOD values of approximately 93, 187, 
and 212 mg/l for ponds A, B, 
and C, respectively; corresponding 
BOD analyses of filtered effluents pro- 
duced values of 44, 112, and 123 mg/1. 
Removal of BOD was therefore only 
o4 per cent in pond A, 6 per cent in 
B, and minus 6 per cent in pond C, 
if no algae separation was effected. 
Separation of algae from the effluent 
waste water by filtration gave removals 
of 78 per cent, 44 per cent, and 38 
per cent for A, B, and C. Apparently 
the two deeper ponds were not capable 
of accomplishing the degree of oxida- 
tion that took place in pond A, where 
a depth of only 2 ft and a correspond- 
ingly lower surface loading of BOD 
were encountered. 


Nitrogen 


Utilization of all nitrogen constitu- 
ents was greatest during the breaking- 
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in period. For the three ponds, 
steady-state conditions with respect to 
nitrogen metabolism seemed to have oc- 
curred between the 14th and 19th day 
of operation. Nitrogen metabolism 
did not remain steady, however, and 
excess stored nitrogen was released in 
the effluent of ponds B and C as the 
high side of their biological cycle was 
entered. In contrast, pond A appar- 
ently was retaining nitrogen in bot- 
tom sediments and/or losing it to the 
atmosphere by denitrification. Calcula- 
tion of material balances for total N 
supported these observations. The 
nitrogen recovery values were 82, 108, 
and 117 per cent for A, B, and C, re- 
spectively. The recoveries greater than 
100 per cent in the deeper two ponds 
indicate the possibility of nitrogen 
fixation by bacteria such as Azoto- 
bacter. According to Wilson and 
Werkman (2) these bacteria ean fix 


100 to 150 mg N per liter per day 


under optimum conditions. Carbohy- 
drates, however, are necessary to their 


metabolism and the fixation of nitrogen 
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FIGURE 26.—Algae count of effluents—ponds at different depths. 
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VALUES 


pH 


TIME 


is limited to about 15 to 20 mg/g of 


CH,O. Other organisms such as the 
bacterium Rhodospirillum rubrum 
and certain algae of the family 


Cyanophyceae are also capable of fix- 
ing nitrogen, but not in the quantities 
necessary to account for the nitrogen 
gains in ponds B and C., 


Algae 


The initial liquid media placed in 
the ponds contained an algal concen- 
tration of about 170 ecells/zl. Efflu- 
ent algae counts are shown in Figure 
26. At the start of the run the pre- 
dominant genus in all three pilot 
plants was Scenedesmus. After eight 
days Chlorella became dominant in the 
effluent of pond A and remained so 
until the end of the run. In pond B 
effluent, Chlorella became the more 
abundant organism during the 14th 
through the 19th days and_ then 
Scenedesmus returned as the dominant 


FIGURE 27.—Effluent pH values—ponds at different depths. 
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organism. Lepocinclis also was present 
in appreciable numbers. More Scene- 
desmus cells appeared in the effluent 
of pond C than any other genus during 
the 30-day run, except for the period 
from the 14th to the 26th day when 
Lepocinclis was predominant. 


Dissolved Oxygen 


Measurement of dissolved oxygen 
concentrations in samples from the 
three sections of each pond were made 
daily at 0900 and 1400 hr through- 
out the experiment. No DO occurred in 
the morning samples taken from ponds 
B and C. The morning sampling of 
pond A also was devoid of DO in the 
first two sections. The third, or efflu- 
ent section, however, showed from 0.4 
to 3.0 mg/l of DO present in 16 of the 
30 days; on the remaining 14 days 
the DO was zero. 

The afternoon samplings showed an 
entirely different picture. By 1400 
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hr considerable photosynthetic oxygen 
production had taken place and ex- 
treme supersaturation of the effluent 
from pond A was quite common. The 
algae in ponds B and C, with two and 
three times the BOD loading, did not 
liberate nearly as much oxygen to so- 
lution. The influent and middle sec- 
tions of pond A had DO values similar 
to those from the effluent. In pond B 
the middle section contained consider- 
ably less. The influent sections of 
pond C had zero DO on all but 3 days 
of the run, while the middle section 
exhibited concentrations considerably 
lower than those shown in the plot for 
the C effluent. 


Temperature 


The average daily minimum air tem- 
perature in the vicinity of the pilot 
plant was 23°C during the experi- 
mental run; the average daily maxi- 
mum temperature was 38°C. Varia- 
tion in water temperature was more 
moderate. The average daily minimum 
and average daily maximum pond tem- 
peratures were 28°C and 32°C, re- 
spectively. Deviation of daily maxima 
and minima from the above mean 
values was very small during the ex- 
periment (generally less than + 1.0° 
C). 


pH Data 


Graphical presentation of daily pH 
values of the effluents is given in Fig- 


ure 27. Measurements of the pH value 
of samples taken from the middle and 
influent sections of each pond were 
practically the same as the effluent 
samples. The correlations between pH, 
pond depth, efficiency of treatment 
process, and algae count should be 
noted. 
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Summary 


The results of experimental investi- 
gations have been reported for labora- 
tory models and outdoor pilot plants 
using natural and synthetic sewages 
under specified environmental condi- 
tions. Various physical, chemical, and 
biological tests were employed for ob- 
taining both direct and parametric 
measurements. Material balances were 
used as an analytical tool for gaging 
pond performance. 

The results indicate that waste sta- 
bilization ponds may be designed and 
operated so as to accomplish all of the 
functions provided by conventional 
sewage treatment plants. With ade- 
quate operational control, BOD load- 
ings may be much higher than those 
currently being applied in practice, es- 
pecially in the warmer areas. 
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Industrial Wastes 


Chairman Hedgepeth:—In planning 
this forum there were some ideas that 
may warrant review. One thing was 
that in the discussion period we will 
broaden the base of this discussion to 
include not only the disposal of waste 
waters from the operation of cooling 
towers but the disposal of all sorts of 
waste waters from water processing op- 
erations. In other words, when we 
process water for industrial use we get 
waste water, and it is a poorly ex- 
plored part of the stream pollution 
problem. We have looked at manu- 
facturing wastes; we have looked at 
wash-up; but the pollution problem re- 
sulting from processing of water itself 
in industrial plants has received scant 
attention, and it is our intention this 
morning to explore that problem 
vithin the time limits and capabilities 
of this discussion. 

We have no prepared papers. Each 
member was selected as an expert in 
the particular line to which a phase 
of this discussion has been assigned. 
Audience participation is requested 
and is even essential to get this subject 
discussed properly. 

Following each panelist’s discussion 
we will open the meeting to a general 
discussion and then will proceed to the 
next phase of the topic. 

My duty will be to delineate this 
problem as the panel views it. Dr. 

*From transcript, 30th Annual Meeting, 


Federation of Sewage and Industrial Wastes 
Assns.; Boston, Mass.; Oct. 7-10, 1957. 
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Riley will discuss types of treatment 
which are commonly used to process 
water in industrial plants so that the 
water may be used, or the equipment 
in which the water is circulating will 
not be corrosively attacked. Mr. Gar- 
rett will discuss the regulatory impli- 
eations of the several pollutants out- 
lined in the discussion. Mr. Gibson 
will outline a unique method of how 
the problem can be totally solved. 

Before we move into that I think 
that some explanation should be of- 
fered to the audience of why this topic 
was selected. At the Texas Water 
and Sewage Short School last March 
a full day was devoted (morning, after- 
noon and evening) to a theoretical or 
hypothetical plant with a number of 
water supply and pollution control 
problems; the object being to have the 
group as a whole solve a complex and 
perplexing theoretical problem. 

Mr. Gibson and I were on the panel 
that joined in that discussion. The 
panel had great difficulty in keeping 
away from the cooling tower. Much 
to my surprise some of the people 
in the audience stated that the cooling 
tower blowdown took more of their 
attention than maufacturing waste it- 
self. Dr. Riley, our cooling tower and 
waste treatment specialist, agreed that 
this was true. He cautioned that in 
setting up pollution programs in our 
own company it is necessary to include 
the cooling tower blowdown as part of 
the problem. Technical directors of 
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other plants agreed with Dr. Riley. 
Therefore, the topic was considered to 
be of sufficient importance to include 
on the program. 

I think that in any technical discus- 
sion we might avoid misunderstanding 
by trying some definitions, so we will 
start with Frank Riley. Would you 
define a cooling tower for the purpose 
of this discussion ? 

Dr. F. R. Riley, Staff Consultant, 
American Cyanamid Co., New York, 
N. Y.:—For the purpose of this dis- 
cussion it is our intention to define a 
cooling tower as a mechanical piece 
of equipment, usually made primarily 
of wood, designed to produce intimate 
contact with a downflowing stream of 
water and an upflowing stream of air. 
Not everyone agrees that wood is the 
most suitable material for a cooling 
tower and there appear to be strong 
points in favor of such criticism. 

Most of the industrial cooling towers, 
at the present time, are wood struc- 
tures containing fans to move a cur- 


rent of air up through the cooling 
tower, and pumps to lift the water to 
the top of the tower to supply the 


downflowing stream of water. This 
water, cooled in its passage down 
through the tower, is then circulated 
with pumps to the cooling system in 
the industrial plant. 

Most of us, who deal with the opera- 
tion of these towers, usually complain 
that the operating department finds too 
many ways to lose water and increase 
the cost of chemicals for treating these 
waters. However, such problems are 
only some of the side issues involved 
in any industrial processing plant 
where there are many different types 
of operations. 

Chairman Hedgepeth:—Mr. Garrett, 
will you define, for the purpose of 
our discussion, what you mean by 
regulatory implications? 

Jack T. Garrett, Industrial Hygien- 
ist, Monsanto Chemical Co., St. Louis, 
Mo.:—Our main interest, as far as the 
definition of a regulatory implication is 
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concerned, is the fact that it reminds 
us that regardless of the source any- 
thing discharged from a plant into a 
receiving stream is under regulation as 
process waste. This seems odd because 
it is sometimes hard to get waste treat- 
ment people to realize that the blow- 
down is subject to the same regulation 
as the process wastes themselves. 

If the blowdown from water treat- 
ment processes is harmful to the stream 
then it must be rendered harmless, just 
as are all the other materials dis- 
charged from the plant. In some in- 
stances the process can be modified so 
that the blowdown itself is not harm- 
ful to the stream. Whether the blow- 
down is harmful or not depends to a 
large extent on what, specifically, is 
discharged in the blowdown, and its 
concentration. 

This, then, is the regulatory implica- 
tion. Anything discharged from treat- 
ment of water is subject to the same 
regulation as is any other waste. 

Chairman Hedgepeth:—Bill Gibson, 
from your experience in this field 
would you help us by defining what you 
mean by boiler blowdown ? 

W. E. Gibson, Utilities Engineer, 
Cosden Petroleum Co., Big Spring, 
Tex.:—Boiler blowdown is defined as 
the concentrated water removed from 
the boiler cireulatory system in order 
to maintain what is used as the basis 
of coneentration control. This water 
generally has a pH of around 11 and 
total solids of about 6,000 ppm. These 
characteristics may vary with the type 
of boilers operated, the pressure, and 
the type of boiler feed. The blowdown 
usually contains some other agents such 
as anti-foam materials or some type of 
high-phosphate organic agent. Gener- 
ally speaking, none of these materials 
are considered to be toxic. 

Chairman Hedgepeth:—We will call 
on you again to explain what is meant, 
Frank, by waste waters from industrial 
water processing. 

Dr. Riley:—You can’t get something 
for nothing. That is where the prob- 
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lem begins in the industrial processing 
of water for industrial uses. When 
we treat these various waters—surface 
waters, well waters, and water from 
other sources coming into the plant— 
we usually have a by-product of that 
treatment process which has different 
characteristics from water coming into 
the plant. It is this by-product that 
sometimes becomes a nuisance as far 
as discharging it back into the stream 
is concerned. 

Until 10 to 15 years ago, the waste 
products from water-softening proc- 
esses to provide boiler feed water were 
the main constituents to be handled. 
If zeolite was used, the waste effluent 
was a solution of caleium or mag- 
nesium salts, with the excess sodium 
chloride used to regenerate the zeolite. 
If chemical softening was used, the 
waste effluent was a sludge containing 
precipitates of calcium, magnesium, 
and aluminum or iron salts. 


Demineralization 


In earlier experiences the treatment 
of industrial water for plant use was 
primarily for boiler feed. However, 
during the past few years, particularly 
in chemical plants, the process require- 
ments for water in some instances ex- 
ceeded the demand even for high-pres- 
sure boilers. The make-up for high- 
pressure boiler plants is demineralized 
water. There are three types of de- 
mineralizing plants. All demineraliz- 
ing plants use two different resins. 

The first type uses one resin nor- 
mally regenerated with sulfuric acid, 
infrequently with hydrochloric acid. 
The other resin used in this type of 
demineralizing equipment is usually 
regenerated with sodium carbonate. 
An excess of each regenerant is re- 
quired to regenerate each resin. Thus, 
the effluent from one of these demineral- 
izing plants at times contains a sub- 
stantial amount of acid and at other 
times a substantial amount of sodium 
carbonate, because the two resins can- 
not be regenerated simultaneously. 


1957 INDUSTRIAL WASTES FORUM 


541 


There will be more acid than sodium 
carbonate in the total waste effluent 
from this type demineralizing plant. 
In some instances holding tanks are 
provided to allow the alkali stream 
and the acid stream to be mixed to- 
gether before going to the plant sewer 


system. In such cases there is an 
excess of acid. 

In the second type demineralizing 
process, silica removal is required. 
Acid is again used to regenerate one 
of the resins, but caustic soda instead 
of sodium carbonate is used to re- 
generate the resin which removes the 
silica. Since silica is difficult to re- 
move from the resin, once it has been 
picked up from the water, a large ex- 
cess of sodium hydroxide must be used 
to regenerate the resin. The total 
effluent from a silica removal demin- 
eralizing plant will usually contain an 
excess of sodium hydroxide. 

The third type of demineralizing 
plant is the monobed or mixed bed 
plant. In this type of plant, both 
resins are usually regenerated simul- 
taneously. The regenerant flows from 
both resins are mixed. The compo- 
sition of the mixed stream varies over 
a wide range during the regeneration 
period. 

In addition to the ion exchange units 
described, there is often the processing 
of surface water for use in an indus- 
trial plant; it is frequently necessary 
to remove substantial quantities of dirt 
from the water with or without simul- 
taneous lime softening. If the char- 
acteristics of the water are such that 
lime softening can be used advanta- 
geously with dirt removal, this usually 
will be done. Effluent from a treating 
plant of this type is a thin sludge. 
The chemical characteristics of the 
sludge are usually not very detri- 
mental. However, the appearance of 
this small stream of sludge flowing into 
a stream, and probably not mixing in 
readily, frequently creates problems 
because of the old saying that if you 
can see something you are warned, and 
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frequently when people are warned 
it is difficult to allay their fears. 

Mr. Gibson mentioned the boiler 
blowdown which in a way is a by- 
product waste effluent from water treat- 
ment, because actually the operation 
of a boiler is nothing more than a 
certain type of water process in which 
the water is used in vapor rather than 
liquid form. 


Cooling Tower Problems 


The primary reason for using cool- 
ing towers is the lack of enough water 
to accomplish cooling by a single use. 
In the southwestern regions the re- 
stricted water supply is more serious 
than in most areas. In this region 
there is hardly enough water to pro- 
vide the make-up of the cooling tower. 

In the treatment of cooling tower 
water for a plant one serious problem 
is the effect of resulting chemicals on 
the facilities for waste handling. One 
of the principal examples of this is 
the water from cooling towers and heat 
exchangers. 

An industrial water, normally not 
very corrosive, when used in a cooling 
tower system and exposed to large 
quantities of air, may become somewhat 
corrosive to the heat exchangers in the 
plant. Also, when this water is re- 
circulated through the cooling towers 
it is exposed to sunlight and frequently 
will develop extensive green growth in 
the top of the cooling towers. Since 
the green growth will get into the 
heating equipment and reduce the 
cooling effect of the heat exchange 
equipment, a chemical control pro- 
cedure must be followed. 


Slime and Algae Control 


As far as slime and algae control is 
concerned there is not much reason 
for differentiating between whether the 
slime is green or black or some other 
color, or whether it is algae, or what 
it is. The heat exchanger surfaces 
must be kept reasonably clean of any- 
thing of a slimy nature. A common 
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fallacy at one time was that if a growth 
was green it was algae but later it was 
confirmed that it can be green and 
still not be algae. 

Chlorine was one of the first ma- 
terials used to control slime growth 
in these recirculating systems and is 
the most widely used material at the 
present time. Although chlorine is 
commonly used, further problems may 
develop. In such control of certain 
organisms by chlorine there may arise 
favorable conditions for some other 
type of bacteria or fungi that may be 
just as troublesome as those eliminated 
with chlorine. This situation has led 
to the use of more toxic chemicals to 
control slime and algae. Ordinarily 
the excess of chlorine required to con- 
trol algae is not very great and does 
not create a problem as far as waste 
effluent is concerned. Since chlorine 
is considered to be a sterilizing agent, 
no particular objection was raised 
ordinarily if chlorine was discharged 
into a surface stream. However, if 
various other algicides are used it is 
necessary for the water treatment en- 
gineers to work close in hand with the 
effluent treatment people to obtain 
satisfactory results. 


Corrosion Control 


Since corrosion is one of the princi- 
pal problems in the reuse of water in a 
cooling tower system, several different 
chemicals and methods of process 
have been developed and successfully 
used to reduce the corrosive attack on 
the heating exchangers and other 
equipment. The amount of these chemi- 
cals required to maintain the corrosion 
attack at a satisfactory level varies con- 
siderably. A general method of treat- 
ment or a general level of treatment 
applicable to all water cannot be de- 
scribed because of the variable charac- 
teristics of water coming into the 
cooling tower, and probably to a 
greater extent in some plants because 
of the variable materials the recircu- 
lating cooling water picks up from 
the plant atmosphere. 
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For corrosion control, phosphates, 
both organic and inorganic, are widely 
used. Chromates are also commonly 
used. Sometimes a combination of 
phosphates and chromates is used. 
Any of these processes may be modified 
by the addition of a small amount of 
some other material to handle the 
specific conditions encountered in an 
individual installation. For example, 
a small amount of zine may be super- 
imposed to obtain a specific result in a 
particular installation. In another 
plant it may be advantageous to add 
some ferrocyanide. There is quite 
a wide variety of chemicals used today 
for treating recirculating waters, and 
the purpose of this treatment is to 
maintain the corrosion rate below a 
definite maximum amount. 

The dollar value of the chemicals re- 
quired to hold the corrosion rate down 
is rather staggering in some of the 
plants, particularly in Texas where 
operations must be at high levels be- 
cause of the lack of water for make-up 
of cooling towers. As a result, water 
is replaced with more chemicals. In 
some sections of the country where 
there is an ample supply of water for 
make-up, operations can be earried on 
with less chemicals and somewhat more 
blowdown water to get the necessary 
corrosion protection. 

A common attitude is to ignore the 
effects of the atmosphere on plant wa- 
ter. However, for eventual control the 
best thing to do is observe and check 
very carefully any possible atmospheric 
effects on recirculating water over a 
period of time, especially in oil re- 
fineries or chemical plants. 


Infiltration 


There is also the problem of the 
maintenance of equipment and leakage 
into some of the circulating water. 
Sometimes it is possible to detect such 
leakage by analysis of the water and 
thus determine the source of leakage. 
It is not a simple task to pinpoint a 
leak source. 
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Preservation of Wood 


Finally, there is the problem of 
wood preservation. This problem is 
particularly acute in the Gulf Coast 
region, including Louisiana and Texas. 
The problem has not been as exten- 
sive in the North, although there are 
wood towers in New Jersey and in 
the Chicago area where fungus attack 
has been sufficiently severe to require 
chemical treatment of the wood after 
the tower was installed, in order to 
increase its life. These wood treat- 
ments require the use of toxic chemi- 
eals and after such treatment there 
may be a fairly high concentration of 
these chemicals leaching out of the 
wood into the recirculating water, and 
appearing in the blowdown, and finally 
in the plant waste. 


Control of Fungus 


Frank W. Anderson, National Petro- 
Chemicals Corp., Tuscola, Ill.:—Do 
you recommend approaching the prob- 
lem of fungus control in cooling towers 
by the use of fungicides in the cireu- 
lating water rather than treatment of 
the wood itself? 

Dr. Riley:—There appear to be dif- 
ferences of opinion as to whether the 
problem is the treatment of wood or 
the treatment of the water. However, 
the processes using wood treatment are 
somewhat older than those using chemi- 
eal treatment of the water to prevent 
fungus attack. 

Many cooling towers do not show 
any deterioration due to fungus attack 
until they are five years old. Some of 
them may be 15 years old and in good 
condition yet located next to one that 
did not last five years. Therefore, 
there is a time problem which adds to 
the difficulty of evaluation. A period 
of three to five years of observation 
seems to be necessary before any defi- 
nite conclusions can be made. 

It is felt that satisfactory results 
can be obtained by either process, wood 
treatment or water treatment. 
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Wood Treatment 


The following experience is cited at 
a plant where there were two fairly 
large cooling towers. One of the towers 
was operated without any particular 
chemical treatment to prevent fungus 
attack on the wood. The other tower 
received periodic fungus prevention 
treatment. The tower receiving the 
fungus protection treatment developed 
a severe attack of fungus whereas the 
one not treated had a mild fungus at- 
tack. Both towers operated with the 
same make-up water but served differ- 
ent equipment. The operating condi- 
tions on both towers were similar; 
however, the principal difference was 
that in the case of any leakage into 
the recirculation system of the tower 
without treatment the materials were 
of a toxic nature; whereas, on the 
tower receiving the treatment any ma- 
terials that leaked into the recircula- 
tion system were nitrogen compounds 
providing a food supply for the organ- 
isms. Such a difference in operating 
factors may provide an explanation. 

The current practice of the American 
Cyanamid Co., when constructing a 
cooling tower in the Gulf Coast area, is 
to treat the wood before installing the 
tower. Either copper or zine salts and 
a chromate is used to form in the wood 
an insoluble chromate of either copper 
or zine, which is toxic to most of the 
fungus identified as the cause of most 
of the wood damage. There are prefer- 
ences both for copper and zine. Those 
who prefer zine look askance at the 
possibility of copper being released 
from the wood and causing corrosion 
in heat exchange equipment. There is 
some evidence that leaching of zine 
from the wood after treatment is at a 
somewhat lower rate than copper un- 
der the same conditions. At the present 
time the evidence is not conclusive 
whether there is much reason to choose 
between a zine or copper salt with 
chromate. Work is continually in 
progress to develop processes to con- 
trol fungus in wood, but at the present 
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time complete success has not been 
attained. 

Some of the treated towers have been 
in operation for four or five years. 
Some were treated after the fungus at- 
tacked the wood and the fungus growth 
was arrested. In those observations it 
was indicated that the wood had de- 
teriorated very little if any. In evalu- 
ating the life of the wood treatment 
American Cyanamid Co. arbitrarily 
picked a time of three years as the 
expected life of the treatment. 


Costs 


In the comparison of costs for wood 
treatment vs. water treatment there 
is some evidence to support the belief 
that wood treatment is somewhat more 
economical than water treatment. This 
belief is based on the assumptions that 
water treatment is satisfactory and that 
wood treatment is effective for at least 
two years. 


Chemical Treatment of Water 


There is a wide range of chemicals 
recommended for treating the water. 
Economical comparisons can be con- 
fusing, depending on whether minimum 
or maximum treatment is considered. 
Those having the most experience in 
treating the water usually recommend 
the greatest amount of chemicals. 

Mr. Anderson:—It appears that 
when water is treated it becomes a 
waste problem; whereas, if wood is 
treated it becomes a problem only for 
three years. 

From the Floor:—What do you add 
to the water? 

Mr. Anderson:—Quite a few ma- 
terials are added, chlorinated phenol 
being one that is widely used. 

Chairman Hedgepeth:—May I elabo- 
rate concerning the question of the 
nature of the chemicals added to the 
water to control this fungus or micro- 
bial attack? I think the technical idea 
is that fungus may be a too narrow 
definition. I don’t believe we have 
established that this attack is from 
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fungi. 
life. 


It is some form of microbial 
Mr. Anderson mentioned the use 
of chlorinated phenol. It seems to me 
that in one plant I had a first-class 
headache from sodium phenate. 

Dr. Riley:—Sodium phenates are 
probably the most widely used com- 


pounds, although there are several 
other organic and inorganic compounds 
used in specific cases. Generally speak- 
ing, these other compounds have been 
developed because of the waste effluent 
problem created by the use of penta- 
phenols, particularly chlorinated phe- 
nol. The recommended quantity of 
other chemicals required to do the same 
job as chlorinated phenol is usually 
substantially greater; however, it is 
difficult to keep abreast of constantly 
changing developments that may pro- 
duce changes at any time. 

Again the factor of three to five 
years for evaluation of the problem 
appears desirable based on the number 
of cooling towers in the Gulf Coast 
area where there was no attack for 
many years. 

Vincent D. Lukas, General Electric 
Co., Schenectady, N. Y.:—May I sup- 
plement the introductory paper with 
a few comments? Most people realize 
we are speaking of cooling water. We 
have to remove the heat from the proc- 
esses in industry; therefore, we must 
look for some efficient mechanism to 
do this. This morning we are talking 
of cooling towers; however, we could 
also be talking of evaporative con- 
densers and cooling ponds. 

The cooling tower is a very efficient 
mechanism. For every pound of water 
evaporated we gain 1,000 Btu. An- 
other way of saying this is, if we want 
to cool 100 Ib of water 10° F we are 
going to lose one per cent of the water 
in evaporation. 

In this discussion we have been talk- 
ing of corrosion treatment and algae 
treatment. Obviously if we do not con- 
trol the solids in the cooling tower 
there will be scale. The loss of 1 
per cent is not sufficient to keep down 
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the solids. As a result, blowdown must 
be a factor in cooling water treatment 
and that is where we get into the 
problem of polluting the streams. 

Don E. Bloodgood, Professor of Sani- 
tary Engineering, Purdue University, 
Lafayette, Ind.:—I was going to ask 
if chlorinated phenols in discharge 
would be detected by the use of tests 
recommended in this discussion for the 
detection of phenols. 

Mr. Garrett:—Generally, the ma- 
terial used must be soluble and most 
phenols are insoluble. Therefore, if the 
salts of the phenols themselves, sodium 
and others, are used, then the salt 
would be detected, but when consider- 
ing fully chlorinated material I do not 
think the phenols are detected. Penta- 
chlorophenol, which is one of the most 
commonly used, is not detected with 
this test. Some have indicated the use 
of the 4-aminoantipyrine test in con- 
nection with pentachlorophenol. 

Walter E. Williams, Sanitary Engi- 
neer, Naugatuck Chemical Div., U. 8. 
Rubber Co., Naugatuck, Conn.:—I 
wonder why, with all the investment 
involved, both a water treatment sys- 
tem and a wood treatment system 
would not seriously be considered. 
Our company manufactures a fungi- 
cide and algicide, designed for mini- 
mum stream pollution, active in very 
low concentrations, and I am certain 
that there are other types of material 
that we should start investigating. It 
is my feeling that perhaps we have 
been too complacent the last 10 or 15 
years in the solution to our problems. 

Dr. Riley:—I think there are many 
who are hopeful that some of the meth- 
ods now being recommended for water 
treatment will prove equally feasible 
for these controls. We are also hopeful 
that someone will develop a material 
that can be used at a lower concentra- 
tion and does not cause disturbances 
in waste effluent treatment. 

T feel there is a good chance for suc- 
cess if we treat the wood to start with 
and also treat the water that has passed 
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over that wood. We then have a much 
better chance of preventing wood de- 
terioration than if we rely on only one 
of the processes, since with the large 
volume of water that passes through 
a wood tower a material may be only 
slightly soluble and yet be susceptible 
to leaching. Therefore, it seems doubt- 
ful that enough chemical can be placed 
initially in the wood to protect it in- 
definitely. However, some type of 
wood treatment should be effective in 
retarding the leaching. 

M. B. Ettinger, USPHS, Cincinnati, 
Ohio:—First, I want to take issue on 
the discussion of the detection of phe- 
nol by the 4-aminoantipyrine method. 
I am positive that it will not detect the 
pentachlorophenol. If there is a re- 
sponse to trichlorophenol it is minimal, 
although a check of data would clarify 
the point. The use of this method 
probably makes it easy to get a zero 
phenol indication in an effluent. On 
the other hand, phenols require some- 
what different consideration than 
many materials when abatement of 
stream pollution is discussed. 

Then there is one other comment I 
want to interject. We apparently have 
no biologists present. If there were, 
I believe these gentlemen would be in- 
clined to think that you were doing an 
important service by using cooling 
towers. The biologist takes the view 
that a rise in temperature in a stream 
ean definitely degrade the quality of 
the water. One example often cited 
concerns the trout stream in which the 
temperature is raised 10 or 20°F and 
the trout then disappear. 

Chairman Hedgepeth:—I think the 
panel will agree with your position on 
this. Let me say that this oblique 
question that came from Professor 
Bloodgood, and was received with 
smiles from the panel members and 
others, is one being considered ex- 
tensively within the limits of the two 
water pollution abatement committees 
serving the chemical industry. 

Mr. Garrett has been a proponent 
of having the excellent 4-aminoanti- 
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pyrine method used only for what it is 
intended and not as a method of taste 
and odor detection and measurement. 
He is quite right in that. But we have 
no good method available now for ac- 
eurately stating the taste and odor 
problem of water. The only one au- 
thorized by the Tenth Edition of 
‘Standard Methods’’ is based on hu- 
man smell which at best is only one- 
third valid and that perceptive sense 
tires very quickly. It is nothing more 
than a rough assay method. 

Mr. Williams :—I have a question on 
stream pollution. Has any considera- 
tion been given to holding the last 
portion of the wastes from deminerali- 
zation units for the first wash of the 
ion exchange material after the next 
cycle? 

Chairman Hedgepeth:—We follow 
that practice at American Cyanamid. 
It is the practice to hold these wastes 
and let them neutralize. I believe that 
as a final result it is common to have 
some excess caustic. 

Hayse H. Black, Sanitary Engineer, 
USPHS, Cincinnati, Ohio:—There are 
various types of cooling towers and 
there is one that has a very definite 
bearing in connection with stream pol- 
lution. With your permission I would 
like to mention the gas coolers in a 
coke plant. In this instance most of 
the gas is cooled by direct contact 
with water. The water coming in con- 
tact with the gas picks up cyanogen 
compounds and many other compounds 
we do not know much about; but we 
do know that this water is some of the 
most toxic we have ever studied in its 
effect on fish. Some of this water is 
oceasionally spilled into the stream if 
there is a sewer in the area. It is a 
fact in some cases, one case in particu- 
lar, where the cooling tower was too 
small and was shut down while another 
was being constructed, and this cooling 
water discharged into a very large 
stream and killed tons of fish. There- 
fore this is one type in which there is 
keen interest. 
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Chairman Hedgepeth:—That is one 
reason we thought this topic was 
timely. It has not been generally 
recognized to be much of a problem. 

In summation of the first part of the 
discussion I think we have said that 
in the evaporation of water the cooling 
tower absorbs heat and through the 
discharge of water vapor there is a 
concentration effect; therefore, the 
mineral concentration of the water 
builds up and necessitates occasional 
blowdown to keep these minerals 
within desired limits. No one has as 
yet inquired what these limits are. I 
think the panel is ready to discuss this 
subject. 

In the cooling process there occurs 
microbial growth, including slime and 
fungus, which physically impedes the 
flow of water and interferes with the 
function of the recirculating water 
through the heat exchange equipment 
in the plant. These growths also break 
off and cause pollution in the blow- 
down. They must be arrested and kept 
under control, and to do this we use 
algicides which are often toxic in 
nature. 

Dr. Riley pointed out that the na- 
ture of the cooling tower was such that 
the water was saturated with dissolu- 
ble oxygen and carbon dioxide, and 
the chemical characteristics are altered 
by treatment, thus creating corrosive 
characteristics. Therefore, corrosion 
inhibitors must be added to prevent 
attack to the manufacturing equip- 
ment. These materials introduce other 
toxic elements, such as chromates, zine, 
copper, ete., all of stream pollution 
significance. 

Finally, a new phase of the problem 
has been developed in this discussion— 
that of the microbial attack on the 
wood of the tower itself. More re- 
cently it has been shown, and gen- 
erally accepted today, that the factor 
is not due to chemical nature or phe- 
nomena but a microbial attack, and I 
believe it has been developed that we 
have found no satisfactory method of 
arresting it completely. We recom- 
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mend treatment of the wood of the 
tower when placed in service as well 
as treatment during the operation. 
The tower that Dr. Riley indicated has 
given no trouble, I believe, is one lo- 
cated near a hydrocyanic acid plant. 


Regulatory Implications 


Chairman Hedgepeth:—We have 
seen that in order to keep the cooling 
tower operating it is necessary to use a 
variety of additives. In the discharge 
to the stream there may be solids con- 
centrations of 1,000 or more ppm. 

We now call on Mr. Garrett to dis- 
euss the regulatory implications of this 
discharge. 

Mr. Garrett :—This subject covers a 
multitude of sins but can be boiled 
down to mean one thing. If the efflu- 
ent from the water treatment process 
contains anything harmful to the 
stream then there will be trouble un- 
less something is done to correct the 
situation. 


Background 


It is necessary to consider what is 
being done and what is being dis- 
charged. For example, there are three 
main classes of materials used in the 
process of treating water. These 
would be of interest to the industrial 
wastes people who have the responsi- 
bility of treating any harmful material 
that is discharged by this process, and 
also to the regulatory groups who deal 
with the approval of a plant’s waste 
discharges which include the wastes 
from this process. 

First there are the usual inorganic 
materials coming from pH control, de- 
mineralization, scale prevention, etc. 
Next there is the process of corrosion 
control which adds certain chemicals 
to the blowdown water and subse- 
quently to the effluent. Third, there 


are disinfectant chemicals (an all-in- 
elusive term to cover all the microbial 
and algae materials for all types of 
living organism control—slimes, fun- 
gus, etc.). 
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pH, Demineralization, and Sanitation 


In discussing these three classes of 
materials it can be said that in gen- 
eral the materials used in pH control 
and seale control do not necessarily af- 
fect the effluent quality. The re- 
quired pH control is generally between 
the range of 6 to 7.5 or 8. Frequently, 
sulfuric acid is used for this purpose 
because of the benefits obtained from 
the sulfate ion in scale prevention. As 
to the use of desealing material, pH 
control and hardness control are in 
themselves prevention of scaling, but 
in some cases certain agents are used 
to remove metals or other materials 
that will cause scale. Most of these 
latter materials are used in such 
minute concentrations that they are 
not particularly harmful. 

When large demineralizing systems 
are considered, particularly in some of 
the multibed units, damage to the re- 
ceiving stream may result from the 
amounts of acid or alkali discharged. 
The pH change in the receiving stream 
due to these discharges may cause dam- 
age to aquatic life and fish since such 
environmental changes affect the aqua- 
tic food supply. Such effects will 
quickly bring the industry under the 
scrutiny of the local fish and game 
authorities. 


Corrosion Control 


As a general statement it may be 


said that most of the metallic sub- 
stances used for corrosion control are 
rather toxic. They are generally heavy 
metallic salts and in most cases quite 
toxic to fish. The chromates, zinc 
salts, the ferrocyanides, or their end 
products. resulting from chemical 
change in the process, are examples of 
these toxic materials. With some of 
these toxic metals it is first necessary 
to determine what their concentration 
is in the final dilution. A second re- 
quirement is to determine, with a fair 
degree of accuracy, the biological en- 
vironment in the receiving stream and 
what effect this material might have. 
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The effect on fresh-water organisms of 
most of these metallic salts is reported 
in the literature. For example, there 
are many references on effects of 
chromates to fresh-water fish of all 
types and even the effects on marine 
organisms. It is frequently assumed 
that the effects of a certain material 
are easily recognized, but there are oc- 
casions when some unpredicted bizarre 
effect occurs in the receiving stream. 
For example, the fatal effect of 
chromium on fresh- and salt-water cat- 
fish is unusual when you consider that 
these species are among the hardiest 
known. Yet the apparent weakness of 
these species toward chromium per- 
plexed industry and the regulatory 
agencies for many years. 

Zine, as a matter of fact, is more 
toxic to fish than chromium. Whether 
a substance is toxic or not depends not 
only on what it is but how much there 
is, of course. If in the blowdown of 
a water treatment process there are 50- 
ppm chromium residual normally, 
trouble will not oceur unless the dis- 
charge is into a small stream. In ad- 
dition to the chromium and zine salts 
there are the ferrocyanides. The 
toxicity of these compounds depends 
principally on the eationie species and 
the possibility of degradation. In most 
eases, however, toxicity information is 
contained in the literature and the 
effect of the blowdown can be estimated 
by determining final effluent concentra- 
tions. 


Sanitation Control 


Under the classification of sanita- 
tion materials there are additives to 
control algae, fungus, and anything 
that appears to be causing growth 
and interfering with the heat transfer 
process itself or degrading the wood 
or any of the other process equipment. 
As has been stated in the use of algi- 
cides, the principal material is chlo- 
rine or one of the chlorine-producing 
compounds. In addition some of the 
phenol compounds, such as copper 
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phenates and zine phenates, are used 
for this purpose. Frequently combi- 
nations of chlorine and phenates are 
used for a single dosage to control the 
over-all growth. It is the general be- 
lief of some people that such treatment 
will control all growth in the average 
cooling tower. It is not proposed to 
argue whether it is better to treat the 
wood before or after it is erected. 
From timbers pressure-treated with 
creosote or otherwise treated with cop- 
per there will be some leaching, which 
in addition to other toxicity problems 
might enhance the over-all toxicity of 
the waste stream. Copper compounds 
are extremely toxic to fish and other 
aquatic or marine organisms. Sodium 
pentachlorophenate has a toxicity in 
the order of 0.25 ppm. The control of 
these materials in the receiving stream 
must be carefully maintained and a 
knowledge of the downstream geog- 
raphy as well as uses must be kept in 
mind. For example, if there is a dam 
downstream from the discharge it 
could cause this material to become 
stagnant and build up to toxic levels. 
Fortunately, the pentachlorophenates 
undergo bacteriological attack in the 
stream with the same efficiency as the 
parent phenol itself, thus preventing 
major build-ups. 


Summary 


In most instances of an individual 
cooling tower or an individual treat- 
ment system the problem is based to a 
large extent on the characteristics of 
the incoming water because this tends 
to dictate the type and concentrations 
of additive materials. The raw-water 
quality also influences the blowdown 
rate. The raw-water quality, there- 
fore, influences the ultimate pollu- 


tional potential of the discharge. It 
might be deduced from this that one 
method of pollution control would be 
careful selection of the raw-water sup- 
ply if, indeed, any selection is possible. 

The best way to approach the prob- 
lem 


of cooling tower discharge 
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toxicity is to examine the receiving 
stream and determine what processes 
will produce an acceptable water and 
a non-toxic effluent. This is not nearly 
as difficult as it appears, since most 
of these treatment chemicals are dis- 
charged in very minute quantities. 
However, if this is not possible then 
other treatment to remove the offend- 
ing material is presumed and this is a 
diffieult task. 

George A. Rhame, Sanitary Engi- 
neer, Division of Water Pollution Con- 
trol, South Carolina State Board of 
Health, Columbia, S.C.:—In regard to 
the difficulty of detecting some of these 
chemical compounds in water I remem- 
ber that somebody reported that they 
had been able to detect certain com- 
pounds by the movement of fish in an 
aquarium through which the suspected 
water was flowing. I just wondered 
if the Public Health Service in Cin- 
cinnati has anything to offer about 
this or any other method, such as using 
dogs to detect chlorine in water. 

Mr. Ettinger :—I think that bringing 
dogs in is somewhat a moot issue. It 
is generally accepted that the blood- 
hound is a court-worthy animal but it 
is difficult to get a bloodhound to come 
to court to testify on whether the odor 
of water is repulsive to a human. 

As to the other question, the study 
of evasion of toxic material by fishes 
is going on to a degree by some of our 
biologists but I do not know enough 
of their work to give a report. 

Chairman Hedgepeth:—In looking 
over Professor Renn’s studies in toxi- 
city and various solutions used on live 
fish, I do know that fish that school 
together tend to become antisocial 
when pollution is present. However, 
they become excitable before the harm 
occurs. 

Harry A. Faber, U. 8. Public Serv- 
ice, Washington, D. C.:—I heard the 
comment on bloodhounds. As in all 
scientific work I think we are going 
to get more complex problems. There 
is at present a research grant from the 
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Public Health Service to a biologist 
who is studying cholesterin activity of 
fish brain tissues. The work is being 
done by Dr. Weiss at the University 
of North Carolina. We may be forced 
into such complex methods to bring us 
evidence, rather than bloodhounds, as 
to the concentration and the degree of 
activity of some of these toxic mater- 
ials in the water. 

Mr. Garrett:—As I understand it, 
the work being done by Dr. Weiss is 
based on leaching into the water of 
phosphate insecticides, which are very 
common neurotoxins, and their effects 
on the nervous system of fish. 

There has been a great amount of 
research in recent years on very small 
aquatic animals based on the possi- 
bility of interrupting the food cycle 
of the aquatic life and resulting effects 
on aquatic population. The work done 
by Dr. Weiss is extremely complicated 
and would appear to me to be quite a 
task to apply on a practical basis. 

Chairman Hedgepeth:—I would like 
to point out that an industrial wastes 
man is on dangerous ground if he does 
not take into account biological testing. 
As an example, recently we were as- 
sessing the stream pollution potential 
of an entirely new plant with a new 
process and new chemicals. Only by 
accident during the biological assay 
did we find that certain of the sludges 
that precipitated under some conditions 
were highly toxie to fish while the ef- 
fluent was not. This observation was 
made when the observer noted that on 
stirring the test aquarium with his 
thermometer to get a good reading the 
fish got excited. In the final arrange- 
ments this fact has been taken into 
very careful account. 

We talked a great deal about the 
wooden cooling tower and someone 
asked if we were moving to some other 
method of getting rid of this excess 
heat in our plant rather than the cool- 
ing tower with its attendant complica- 
tions. I will call on Mr. Gibson to tell 
us about a very unique solution that 
they have arrived at in their company. 
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Mr. Gibson:—In the way of back- 
ground, the refinery referred to is at 
Big Spring, Texas. At this plant there 
is processed 30,000 bbl of crude oil a 
day, of which 20,000 bbl are sour West 
Texas crude oil, and 10,000 bbl are 
sweet Benedium crude oil. At this 
plant there is the usual fluid catalytic 
cracking unit, thermal cracking unit, 
H. F. alkylation unit, polymerization 
unit, platformer and udex unit, rex- 
former unit, and styrene monomer 
unit. Actually the last unit is the 
only one that falls outside the routine 
refinery unit. 

This refinery is located approxi- 
mately 250 miles west of Fort Worth. 
For those of you who do not know the 
area it is in the middle of an arid part 
of the country. If there are 12 in. of 
rain a year it is lucky. The evapora- 
tion rate is 72 in. a year. Therefore, 
it is advantageous for getting rid of 
waste. 

Actually, water in this part of the 


country is more valuable than capital 
investment because it is a prime neces- 
sity in order to operate. 


Evaporative Equipment 


At this plant the solution to the cool- 
ing tower blowdown is maximum utili- 
zation of air-cooled and evaporative 
type equipment. Air-cooled equipment 
is installed and uses a fan by forced 
draft or induced draft over finned 
tubes, and uses air as the heat exchange 
material instead of water. There are 
obvious limitations to this type of cool- 
ing and in order to overcome those 
obvious limitations use is made of what 
is called the evaporative type air- 
eooling. This is a cross-flow cooling 
tower with a finned tube heat exchange 
element set beneath the fan. In that 
way air is pulled through the water 
and completely saturated with water 
before passing over the tubes. 

This equipment has been used to re- 
duce the amount of water consumed in 
the plant and to increase the capacity 
of the unit without increasing the heat 
load of the system. The first air- 
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cooled equipment was installed in 1951 
and that proved to be so satisfactory 
that a policy has been adopted of using 
that equipment wherever possible and 
in all new units constructed since that 
time. In addition, there is a program 
under way to replace, in every loca- 
tion possible, existing cooling equip- 
ment with air-cooled equipment. This 
refers primarily to submerged cooling 
coils, which are a very inefficient 
method of heat exchange. In some 
eases cooling vapor streams with air 
coolers is done and then a shell and 
tube heat exchanger is used for after 
cooling. 

This program has resulted in the air- 
cooling equipment on all except two 
process units, the polymerization unit 
and the alkylation unit. New units de- 
signed to use maximum air-cooling 
have been the platformer and udex 
unit, rexformer unit, and styrene mon- 
omer unit. When consideration was 
given to a new unit in 1955—the rex- 
former unit—a study was made of the 
amount of cooling water involved. <Ac- 
tually, the engineering contractor con- 
cluded that there would be needed 
something like 6,000 gpm of water 
with a 30°F temperature rise in order 
to remove the heat from this unit. By 
going back and redesigning the cooling 
equipment to utilize maximum air-cool- 
ing and evaporative type cooling it was 
possible to reduce the requirement to 
1,600 gpm with a 12° F temperature 
rise. Actually, 90 per cent of the heat 
load is removed by air-cooling. In an- 
other more recently completed unit, 
77 per cent of the heat load is removed. 
These are but two of the examples of 
the application of this equipment to 
reduce the circulating water require- 
ment. 


Blowdown Reduction 


Obviously, by reducing the size of 
the circulating system the amount of 
cooling tower blowdown is reduced. In 
the first case above, the theoretical 
blowdown rate, based on 10 concentra- 
tions, is reduced from 28,800 gpd to 
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2,016 gpd. Since there is used a chro- 
mate corrosion inhibitor of 135 ppm, 
this blowdown reduction removes 30 
lb of chromate a day from the waste 
stream. 

Some clarification is desirable con- 
cerning the statement that it is possible 
to attain 10 concentrations. Actually, 
due to some of the things pointed out 
earlier by Dr. Riley, that point is not 
reached. Improvements being 
made and are leading toward this 
objective. From this point alone it is 
easy to see what can be accomplished 
by way of cooling tower blowdown re- 
duction if a complete refinery could 
be designed to utilize the equipment. 
Approximately 50 per cent of the heat 
load in the refinery is removed by air- 
cooled equipment, and the total load is 
something like 500 million Btu per 
hour in all the refinery units. 

Actually, the refinery cited here does 
not represent a pioneer in the field of 
using air-cooled equipment. Practically 
every plant in West Texas and New 
Mexico uses a good deal of this equip- 
ment and there are many such installa- 
tions along the West Coast. 


Cost 


It is relatively simple to control the 
operating pressure on air-cooled equip- 
ment by equipping the fans with vari- 
able pitched blades. With such an 
installation there is effected quite a 
saving in operating cost. 

The problem of capital investment 
for air-cooled equipment has been ana- 
lyzed and it appears that the cost is 
approximately $3,000 per million Btu 
of cooling capacity. Operating costs 
are approximately the same as for con- 
ventional systems. 


Advantages of Air-Cooling 


In addition it is permissible to in- 
stall this air-cooled equipment adjacent 
to the processing unit, even evaporative 
equipment, because there is no water 
spray or carry-over, since the air, even 
if saturated with water vapor, after 
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it passes over the hot cooling section 
is unsaturated with vapor due to the 
increased temperature. There are no 
long lines to run to the cooling tower 
and no pumps to operate. It is now 
common to install straight air-cooled 
units in some of the heavy oil streams 
where it is possible to discharge an 
effluent having a temperature of 150 
to 180°F. 

The evaporative type air-cooled 
equipment, further, has the advantage 
of being able to take a portion or all 
of this water and cireulate through 
the conventional shell and tube type 
of equipment before being sent back 
over the tower to cool the air. In two 
installations cited herein water is cir- 
culated through the shell and tube 
equipment; therefore, there is not a 
separate water-cooling system. 

It appears that the difficulties of the 
wooden cooling tower and the water 
shortage in the southwestern part of 
the country can be coped with by us- 
If an 


ing air-type cooling equipment. 
evaporative type of equipment is used 
where it is not necessary to circulate 


that water through shell and tube 
equipment, it is possible to use almost 
any quality of water. Of course, the 
concentration must be checked but 
there are many advantages to be gained. 
For example, in one unit a condensate 
pretty heavily saturated with hydro- 
carbons is being used. 

Chairman Hedgepeth:—Bill, is it 
true that you ran your plant for sev- 
eral years on nothing but sewage be- 
cause you were so short of water? 

Mr. Gibson:—That is correct. It 
was a little bit before my time but I 
believe we were pioneers in using sew- 
age and disposal effluent from a munic- 
ipality. This procedure started in 
1943 and it consisted of our total 
source of water until 1956. In 1956 
there was made available to us a 
large quantity of surface lake water 
which we have been utilizing in our 
cooling system. Actually we have 
continued to use, and still are using, 
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sewage disposal plant effluent after 
treatment, of course, in our boilers. 
It appears to be quite satisfactory. 

Chairman Hedgepeth:— Well, I 
judge then that the essence of your 
solution is to eliminate the wooden 
structures that are biologically vul- 
nerable, substitute metal structures, 
and take the bulk of your heat transfer 
load by air and precool that air with 
water vapor. I don’t believe you told 
us of the material recommended for the 
structures. 

Mr. Gibson:—The air coolers them- 
selves are standard materials while 
the tubes in our heat exchangers are 
the Wolvertan type tubes. The tube 
materials might be steel or some of 
the higher alloys of steel or low 
chrome alloys. Extruded over that 
is an aluminum tube with half-inch 
high aluminum fencing spaced about 
a quarter of an inch apart. This pro- 
vides, in effect, an extended surface 
and increases the rate of heat ex- 
change. The underpinning or sup- 
port structure is made of standard 
steel structure members. 

In the evaporative type we have 
wooden cooling towers. Both units 
are of redwood construction. We 
would like to get away from that if 
we could come up with something 
better. It appears at the present 
time that one of the best chances in 
the future to get away from wood 
completely would be to utilize plastic 
material. I hope to see it some day 
soon. 

Mr. Rhame :—This idea of using the 
sewage in the plant is very interest- 
ing. However, as I am also on the 
State Board of Health, I am inter- 
ested in the question of whether you 
have to take any special sanitary 
precautions with that sewage. The 
idea of so much sewage circulating 
around in the plant where there are 
so many people intrigues me. 

Mr. Gibson:—We use no special 
health precautions to protect the 
workers. Perhaps I should carry 
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that a little further and explain the 
type of treatment we give the water. 
The treatment is purely for hardness 
reduction to make it suitable for 
boiler make-up. Of course, in doing 
that we use a hot process softener. 
We are actually feeding lime and 
gypsum at the present time and hav- 
ing very good success. We can re- 
duce the hardness to approximately 10 
to 12 ppm. Then we use a hot phos- 
phate after-treater which may not be 
the most economical way to do it but 
we happen to have the equipment. 
There we can reduce the hardness even 
more. Then we filter it. The next 
step is through a deaerator, from there 
into a blanketed storage tank, and 
finally into the boilers. Actually, we 
are operating low pressure boilers (175 
psi operating pressure). Therefore, 
it is not a severe service at all. 

Chairman Hedgepeth:—Your an- 
swer, with respect to the question, is 
that the nature of your processing for 
the use of water carries its own 
protection. 

William S. Wise, Director, State 
Water Resources Commission, Hart- 
ford, Conn.:—Those of us in regula- 
tory agency positions naturally are 
gratified to hear of any new proces- 
ses that have any effect on pollution 
abatement. Maybe I wasn’t too alert 
to Mr. Gibson’s remark but because 
there is so much of the heat removed 
by air and so little by water why is 
it not possible to eliminate completely 
the water cooling part, or are there 
some limitations of the use of these 
air coolers requiring water supple- 
ments? 

Mr. Gibson:—Unfortunately, in the 
industries discussed here, tempera- 
tures are very important in the ef- 
fluent streams. You can understand 
that in a gasoline stream it is neces- 
sary to have a stream temperature 
down around 100°F or there will be a 
high loss due to vaporization of the 
material. Therefore, the primary ob- 
jective in the straight air-cooling is 
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to remove the heat of vaporization in 


the material. This is where the big 
heat load is. By using the evaporative 
type process discussed it is possible to 
cool the effluent stream to within 20° F 
above the water temperature which is 
adequate in the manufacturing process. 

The plant under discussion was built 
in 1929 and there is still one original 
unit operating. Therefore, moderniza- 
tion is not complete, but as economics 
permit, air-cooled and evaporative type 
equipment is being installed as replace- 
ments. It does not appear that it will 
be economically feasible to eliminate 
completely all the cooling water. How- 
ever, if a new refinery were to be built 
from the ground up it is estimated that 
the present ratio of 50 per cent of the 
load cooled by air could be increased 
to 90 per cent easily. 

Chairman Hedgepeth:—\ think 
there is a danger of misunderstanding 
here. When Mr. Gibson speaks of ef- 
fluent stream he does not mean it as we 
understand it in stream pollution work, 
but the effluent stream flowing from 
his plant. 

John Drollet, Phoeniz, Ariz.:—In 
Las Vegas the effluent from a sewage 
treatment plant is used in the cooling 
tower for the power plant. This is 
necessary to operate the power plant. 
It is completely treated sewage and 
then, of course, chlorination keeps the 
cooling tower free of algae. There are 
only eight people involved in the steam 
plant and they are not exposed except 
for one man in the cooling tower. The 
sewage is variable in concentration and 
the problem is getting rid of the ef- 
fluent from the steam plant, because 
that goes back into Lake Meade. 

James N. Miller, Process Engineer, 
Gulf Oil Corporation, Pittsburgh, Pa.: 
—Mr. Gibson, would you mind repeat- 
ing your comment on the capital 
investment ? 

Mr. Gibson:—The economic evalua- 
tion of this equipment has been on the 
basis of new construction; in other 
words, a complete new unit from the 


554 


ground up. In the unit where there is 
a transfer of approximately 90 per cent 
of the heat load by air, the investment 
cost was about $3,000 per million 
Btu per hour of cooling capacity. The 
investment cost and operating cost for 
this type of equipment is at least com- 
parable to the operating cost of con- 
ventional cooling equipment. This is 
at least comparable because, naturally, 
the biggest problem is in the summer 
when temperatures of 100 to 105° F, 
day after day, lower the effectiveness 
of heat exchange equipment. In the 
winter it is possible to shut down many 
of the fans, either partially or com- 
pletely, using a two-speed arrangement 
on the low speed. Naturally, this pro- 
cedure would reduce the operating cost. 

On the evaporative type equipment 
all of the water circulation would be 
shut down in the winter and the equip- 
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ment could be used as a straight air- 
cooled unit, except that approximately 
half of the water in shells and tube 
exchangers is circulated and must be 
recooled again under any cireum- 
stances. 

Therefore, the operating cost at worst 
is equivalent to the standard circulat- 
ing system and at best has an economic 
advantage. 

In connection with the use of sewage 
effluent, regardless of how it is treated, 
the degree of treatment must be quite 
high, primarily for the phosphate re- 
duction. It is necessary to have a pH 
between 10 and 11 before it is possible 
to get that reduction in the equipment. 
This problem is not present in the 
hot process equipment. This operation 
is around 240°F and the phosphate 
reduction is accomplished without the 
introduction of an excess of chemicals. 


RUSSIAN TECHNICAL TRANSLATIONS 


One of the engineering member so- 
cieties, the American Society of Me- 
chanical Engineers, has announced that 
a leading Russian technical journal 
will soon be translated into English on 
a regular basis. 

Under a grant of $35,000 from the 
National Foundation, ASME 
will publish the bi-monthly ‘‘ Journal 
of Applied Mathematics and Mechan- 
ics,’ known in Russian as ‘‘Priklad- 
naya Matematika i Mekhanika,’’ usu- 
ally abbreviated as ‘‘PMM.”’ 

This is to be undertaken in an at- 


Science 


tempt to correct the present situation 
wherein the Russians are familiar with 
the content of most, if not all, of the 
western technical publications, while 
only a few of theirs are translated for 
use by the English-speaking world. 

Perhaps this action will show the 
way for other technical organizations 
to widen the scope of source informa- 
tion to the English-speaking world. 
The recent events in space have pointed 
up the fact that in technical fields there 
are no natural boundaries between 
nations. 


Treatment of whey wastes is gen- 
erally considered a difficult problem, 
as evidenced by the fact that some 79 
per cent of cheese plants have waste 
disposal problems (1). This is as true 
for small plants receiving less than 
75,000 Ib of milk daily as for larger in- 
stallations. The magnitude of the 
problem was also indicated by Sanders 
(2) in 1947 when he estimated that 
5,000 producers of cheese in the United 
States do not treat their wastes. 

Some practical method of pretreat- 
ment of cheese factory wastes before 
discharge into small municipal sewer 
systems was recommended by Back- 
meyer (3). He cited the adverse effect 
of whey on an activated sludge plant 
even though the whey increased the 
daily BOD loading by only 11 per cent. 
According to Johnson (4) conventional 
sewage treatment processes adapted to 
cheese wastes are prohibitive in cost for 
the small cheese plant. Waste treat- 
ment must also be simple in operation 
and as nearly foolproof as_ possible. 
Bloodgood in 1948 (5) listed require- 
ments for a_ satisfactory treatment 
plant and stated that it will take time 
and effort to accomplish the desired 
service. 

Waste waters from cheese factories 
not treating whey wastes vary in BOD 
from about 700 to 5,000 ppm. At one 
time it was believed that the only prac- 
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tical method of getting rid of whey 
wastes would be anaerobic treatment 
(6), although such plants are not pres- 
ently known to the authors. Lately, 
spray irrigation of whey has been re- 
ported to be successful in certain lo- 
calities (7) and in this connection the 
Eastern Regional Research Laboratory 
has a contract study underway at the 
University of Wisconsin to determine 
under which conditions whey waste can 
be sprayed. Many cheese factories, 
however, are unable to dispose of waste 
waters directly on land and must resort 
to other disposal methods. 

This report covers the successful 
treatment of whey wastes in the labora- 
tory by biochemical oxidation. The 
techniques employed were those used 
in previous dairy wastes investigations 
(8)(9)(10)(11). Studies were made 
at different times on the same aerating 
sludge used for a period of 96 days in 
daily whey waste treatments. 


Experimental 


The aerobic fermentors extensively 
used in the authors’ previous work on 
dairy wastes again constituted the 
laboratory waste disposal units. An 
aerator-stirrer mechanism provided 
thorough aeration and agitation of 12 ] 
of sludge-waste mixture in a glass jar. 
The temperature was maintained at 29 
to 31°C by means of a controlled- 
temperature water bath. Excess air 
was supplied at the rate of 114 volumes 
(181) per minute. 

The sludge was propagated from an 
active aerobic culture obtained from an 
industrial dairy waste disposal unit. 


° 
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Daily additions of skim milk solids 
were made to the settled sludge after 
siphoning off the supernatant liquid. 
After 30 days of this treatment, the 
seed sludge was prepared by dispersing 
the cell solids with tap water. The 
supernatant wash water was drawn off 
and the settled sludge was distributed 
into each of two aerators to give a final 
concentration of 2,000 ppm _ sludge 
solids in 12 1. 

The experiments were conducted so 
that 4 1 of seed were retained in each 
aerator. To this, 8 1 of solution con- 
taining 12 g dried whey were added in 
a one-dose feeding. Agitation and aer- 
ation were halted during the few mo- 
ments of feeding. Values for zero 
starting time were obtained on samples 
of seed sludge and calculated for the 
starting volume of 121. Prior to sam- 
pling, adhering sludge solids were care- 
fully brushed from the sides and bot- 
tom of the fermentor and dispersed 
throughout the solution. Water was 


added to the 12-1 mark to replace evap- 


oration losses. The mixture was agi- 
tated while the sample was removed by 
a siphon. 

The experimental work was designed 
to study the rate of whey removal from 
solution as affected by nitrogen sup- 
plementation. Studies initiated on 
March 5 provided for two fermenta- 
tions of mixed liquor composed of 2,000 
ppm sludge and 1,000 ppm whey de- 
termined by the rapid COD test. A 
daily schedule of 12-g whey-solids 
(1,000 ppm) additions following efflu- 
ent removal was maintained. The ad- 
dition of 175 mg nitrogen as ammonium 
hydroxide to one fermentor gave a 
COD:N ratio of 30:1, as compared to 
50:1 in unsupplemented whey. 

On the Ist, 21st, and 96th days after 
whey feeding commenced, a schedule of 
analyses was followed to ascertain 
whether the supplemented and unsup- 
plemented sludges were retaining their 
whey purifying abilities. Samples 
were removed 14, 2, 3, 4, 24, 48, and 
72 hr after whey had been introduced. 
The total sludge-mixed liquor was as- 
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sayed for COD, suspended solids, and 
nitrogen. Suspended solids were de- 
termined by filtering 25-ml samples 
through tared asbestos mats on Gooch 
crucibles. The filtrates obtained were 
examined for COD and Kjeldahl nitro- 


gen. 


Whey Removal or Purification 

Rates of whey removal in the three 
sampling periods were high. A sludge 
propagated on skim milk and one ac- 
climatized to whey for several weeks re- 
moved more than 90 per cent of whey 
COD in 30 min, regardless of nitrogen 
additions. Within 2 hr the solutions 
were practically clear of soluble ma- 
terial as determined on the Gooch 
crucible filtrates. This points out the 
practicability of removing the clear 
effluent soon after feeding, as suggested 
by Kountz (12) and Eckenfelder (13). 

In the first average of 
2,072 ppm sludge solids was used with 
1,000 ppm whey. For proper sludge 
activity 7 per cent N is considered the 
minimum content required in a mixed 
liquor according to Helmers et al. (14). 
Therefore, 215 ppm nitrogen should be 
present. The empirical formula for 
sludge shows that 124 units con- 
tain 14 units of nitrogen; hence the 
2,072 ppm sludge should contain 234 
ppm N. This plus 19 ppm introduced 
with the whey is more than sufficient 
to meet nitrogen requirements. 

Table I presents changes in the COD 
of the suspended solids. The maximum 
increase was reached in approximately 
30 min. Thereafter, steady decreases 
in the COD of the solids were observed. 
In general, not quite all the added 
whey COD was oxidized in 24 hr of 
aeration. Slight but noticeable in- 
in sludge concentration oc- 
curred. 

Table II summarizes COD data on 
the amount of whey removed from solu- 
tion, increases in suspended solids, and, 
by difference, the amounts of whey ac- 
tually oxidized. Here, the rapidity and 
completeness of whey removal are again 
observed. This capacity of sludge to 
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TABLE I.—COD Changes in Suspended 
Solids of Whey-Fed Sludge With and 
Without Added Nitrogen 


| 
COD Changes (ppm) 


° Time After Whey Fed* 
Whey = 
Feeding | 
(hr) Ist Day 2Ist Day 96th Day 
| 
NoN N | Non | N |NoN| N 
Ot 2,567 | 2,337 | 4,810 | 4,794 | 4,952 | 4,952 
; 3,494 | 2,942 | 5,492 | 5,343 | 6,059 | 6,084 
2 3'388 | 2'570 | 5,469 | 5,222 | 5,722 | 5.969 
3 3,069 | 2,561 | 5,401 | 5,133 | 5,672 | 5,537 
4 2,763 | 2,525 | 5,328 | 5,213 | 5,597 | 5,567 
24 2'628 2,525 | 4.678 | 8 | 5,462 5,280 
* 1,018 ppm whey COD. 
+ Before feeding. 
store and assimilate nutrients had 


been demonstrated by Gellman and 
Heukelekian (15) and others (10). 
The storage product is a glycogen-like 
material and may approach one-third 
of the total cell weight (11). As this 
stored material is converted and oxi- 
dized for cell energy, the sludge solids 
gradually diminish. 

The milk sludges exhibited the best 
ability to oxidize whey, showing 82 per 
cent oxidation in 4 hr. As the sludge 
was fed whey this oxidizing ability was 
slowly weakened, until by 96 days only 
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36 per cent could be oxidized in 4 hr. 
Added nitrogen was of some help; 67 
per cent oxidation occurred, as com- 
pared to 50 per cent in 24 hr with the 
unsupplemented 96-day sludge. Al- 
though the older whey cultures are able 
to purify whey solutions quite readily, 
their impaired oxidizing ability would 
result in marked sludge build-up. The 
greater rate of oxidation by the milk- 
fed sludge may be attributed to the 
presence of substances in milk con- 
ducive to the rapid oxidation of whey. 


Sludge Stabilization by Oxidation 


Changes in suspended solids were 
followed over a period of 72 hr from 
the time of whey addition. Figure 1 
shows the stabilization of a skim milk 
sludge used for whey purification. Al- 
though the removal of whey from solu- 
tion was not accelerated by nitrogen ad- 
dition (Table II), ammonia did favor 
oxidation of suspended solids and hence 
stabilization of the sludge. This unac- 
climatized milk sludge was oxidized 
back to its starting weight of 2,064 ppm 
within 16 hr. The comparable unsup- 
plemented sludge required 60 hr. 

The 96-day whey-acclimatized sludge 


Unsupplemented 


Time After | 


N-Supplemented 


Whey Feeding 
(hr) 


Whey 


Susp. Solids 
Removed 


Increase 


Whey 
Oxidized 


Whey 


Susp. Solids 
Removed 


Whey 
Increase 


Oxidized 


(a) Ist 


921 197 
1,018 502 516 
1,018 196 822 

957 


Day 


(b) 96TH 


Day 


|_| 
907 | 927 | 935 605 330 
2 1,018 233 785 
3 1018 | 224 794 
4 1018 | 288 830 
1,018 | 288 830 
2 } 1018 | 770 248 977 1,017 — 
3 1018 | 720 298 961 585 376 
4 1,018 645 373 966 615 351 
24 | 1,018 510 508 | 1,018 318 700 
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FIGURE 1.—Changes in sludge concentration during continuous aeration 
following whey addition (sludge cultivated in skim milk). 


exhibited similar trends. Approxi- 
mately 26 hr were needed for the 
NH,OH-whey-fed sludge to return to 
its original weight, as compared to 60 
hr for unsupplemented whey sludge 
(Figure 2). 

Figure 3 shows the percentage of 
suspended solids oxidized by the milk 
and acclimatized sludges. These values 
are based on the sludge weights 2 hr 


5800 


after feeding. By 70 hr, the percent- 
age of sludge oxidized was about the 
same whether nitrogen-supplemented 
or not. Sludge oxidation reached 15 
per cent within 24 hr in these tests, as 
compared to 23 per cent previously re- 
ported for dairy sludges (11), 23 per 
cent for pharmaceutical, 10 per cent 
for sewage, and 7 per cent for paper 
and pulp sludges (16). 
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FIGURE 2.—Changes in sludge concentration during continuous aeration following 
whey addition (sludge cultivated 96 days on whey, with and without NH,OH). 
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Nitrogen 


Nitrogen determinations were made 
on sludge mixtures and clear filtrates 
collected and prepared during the 
course of the experiments. Samples 
were inactivated by the addition of con- 
centrated H.SO, and refrigerated until 
assayed by a semi-micro Kjeldahl 
method employing hydrogen peroxide 
and sulfuric acid digestion. The origi- 
nal sludge solution analyzed 200 ppm 
N, as compared to an estimated 234 
ppm. Over the 72-hr aeration period, 
practically no increase in Kjeldahl-N 
occurred, even though N was added to 
the whey as ammonia. 

The second run, made 21 days later 
after 15 feedings, showed practically 
the same N concentrations, yet the 
sludge concentrations had doubled. 
Excess N may have been oxidized to 
nitrates in the presence of excess or- 
ganic matter, as had been demonstrated 
by Heukelekian (17). 

The deterioration recognized in the 
96-day sludges was reflected in nitrogen 
content. These sludges, which had be- 
gun to settle very poorly, contained 160 
ppm N in the unsupplemented tank 
and 200 ppm in the other, although 
sludge solids measured 5,000 ppm. 


72 
AERATION TIME, 


FIGURE 3.—Aerobic digestion of sludge immediately after whey feeding. 


24 
HOURS 


48 72 


These sludges still actively removed 
whey from solution; however, their ni- 
trogen contents were only 3.2 and 4.0 
per cent instead of the accepted mini- 
mum of 7 per cent. 


Discussion 


Aerobic treatment of dilute whey 
wastes was successfully carried out in 
the laboratory. When 2,000 ppm 
sludge were used in treating 1,000 ppm 
whey waste under highly aerobie con- 
ditions, no additional nitrogen was 
needed to effect complete whey removal. 
Large quantities of sludge solids sup- 
ply sufficient nitrogen from cell sources 
for the treatment of dilute whey. A\l- 
though the COD:N ratio in milk is 
18:1, whey can be treated with less ni- 
trogen. A good source of N was shown 
by previous exploratory respirometer 
studies to be NHy-N. Urea salts are a 
fair source, but nitrates were found of 
little use in oxidizing the lactose of 
whey. The nitrogen present in the 
sludge itself and in whey should be 
taken into consideration in caleulating 
supplements. 

The beneficial effect of nitrogen addi- 
tion was illustrated during investiga- 
tions in the 10,000-gal milk waste pilot 


| 
° / 
: / 
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plant at Pennsylvania State Univer- 
sity. When whey was accidentally dis- 
charged into the treatment unit, ex- 
cessive foaming immediately occurred 
and sugar was not oxidized. Addition 
of 100 lb of ammonium sulfate to the 
aerator on the days when the creamery 
wasted 5,000 Ib of whey permitted 
treatment operations to proceed. This 
whey contained 350 lb of solids. The 
amount of nitrogen added was sufficient 
to give a COD:N of 17:1 disregard- 
ing the N of the whey and of the seed 
sludge. One-half the quantity of 
(NH4)2SO4 may have been ample. 

It must be pointed out, that under 
actual plant conditions, unlike the lab- 
oratory experiments, a disposal unit 
would rarely receive pure whey solu- 
tion for treatment. The raw waste 
from a cheese plant would most cer- 
tainly contain floor washings, whole 
milk discharges, and probably some 
sanitary wastes. The introduction of 
these materials would be beneficial to 
the nutrient balance of the influent. 

In pure whey studies, it was shown 
that a nitrogen supplement enhanced 
the rate of sludge oxidation, but under 
the laboratory schedule of daily whey 
feedings it was found that both sup- 
plemented and unsupplemented sludges 
gradually deteriorated and presented 
serious bulking problems within three 
months. Cheesemaking apparently re- 
moves from milk many known and un- 
known growth factors, leaving whey as 
an unbalanced food material for bac- 
terial growth. Nitrogen alone replaces 
one of the most serious deficiencies, but 
in itself is incomplete supplementation. 
Other pure nutrient supplementation 
would be both impractical and probably 
incomplete. It is possible that periodic 
but judicious additions of milk itself 
may avoid the bulking problem. 


Summary 


Dilute whey wastes (1,000 ppm) 
were aerated in the presence of a sludge 
(2,000 ppm) rich in nitrogen. Whey 
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of a COD:N ratio of 50:1 was treated 
as readily as whey supplemented with 
ammonium hydroxide to give a COD: N 
ratio of 30:1. A prolonged schedule of 
treating whey under laboratory condi- 
tions produced a change in the char- 
acteristics of the sludge. Sludge ac- 
cumulation occurred as a result of 
impaired oxidation of intracellular ma- 
terial, although whey 
were not affected. 


removal rates 
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GRADUATE ASSISTANTSHIPS 


The Rice Institute now offers graduate work in sanitary engineering, 
leading to the Master of Science Degree, under the auspices of the De- 
partment of Civil Engineering. Students may participate in research 
activities on a part-time basis during the school term and full-time in 
the summer. 

Graduate assistantships providing exemption from all fees and ecarry- 
ing a minimum stipend of $1,500 for the academic session are available. 
Summer employment is at commensurate salaries. Further information 
may be obtained by writing to A. W. Busch, Assistant Professor, Depart- 
ment of Civil Engineering, The Rice Institute, Houston 1, Texas. 


BIO-OXIDATION SHORT COURSE 


The Civil Engineering Department of Manhattan College will offer 
a one-week course on the Theory and Design of Biological Waste Treat- 
ment during the week of June 16, 1958. 

The objective of the course is to present the fundamentals of bio- 
oxidation which will serve as a framework for the analysis, design, and 
operation of biological waste treatment facilities. Emphasis will be 
placed on applications of these principles to several wastes from indus- 
tries, including pulp and paper, pharmaceutical, canning, and chemical. 

All correspondence concerning this course should be addressed to W. 
Wesley Eckenfelder, Jr., Civil Engineering Department, Manhattan 
College, New York 71, N. Y. 


CITY CONTROL OF INDUSTRIAL WASTES IN 
MUNICIPAL SEWERS * 


By Ernest H. CAMPBELL 


Associate Director, Bureau of Governmental Research and Services, 
University of Washington, Seattle, Wash. 


Municipalities in a rapidly growing 
section of the country, such as the 
Pacific Northwest, are necessarily con- 
fronted with an increasing number of 
requests for investigations and rulings 
with respect to the discharge of a 
variety of industrial wastes into mu- 
nicipal sewer systems. In view of the 
effort that now is being made to at- 
tract new industries to locate within 
the corporate limits of Pacifie North- 
west municipalities, the disposition of 
industrial waste becomes a matter of 
very real significance. Therefore it is 
imperative that cities and towns make 
certain they have in force ordinances 
containing appropriate provisions 
regulating industrial usage of mu- 
nicipal sewers and the necessary rules 
and regulations applicable to the dis- 
position of industrial wastes. 


The Function of Municipal 
Sewer Systems 


At the outset it should be recognized 
that municipal sewer systems are de- 
signed primarily for the collection, 
transportation, and treatment of sani- 
tary sewage. They are not usually 
designed for, or well adapted to, the 
collection and treatment of the many 
kinds of ever-changing waste products 
of industrial and commercial processes 


Classification of Industrial Wastes 


The financial policy adopted by the 
legislative body of the various mu- 


* Presented at the 1957 Annual Meeting, 
Pacific Northwest Sewage and Industrial 
Wastes Assn.; Seattle, Wash.; Oct. 24-26, 
1957. 


nicipalities may vary with respect to 
the extent to which industry shall bear 
the cost of the disposition of industrial 
wastes. It has been widely recognized, 
however, that industrial wastes may 
be divided into four groups with re- 
spect to their disposal, and that such 
classification will help to determine 
equitable assessments. These four 
groups are the following: 


1. Those wastes which can be dis- 
charged into sewers without any pre- 
liminary treatment. This category 
would include waste only in such a 
volume (continuous or periodic) that 
it does not materially increase the cost 
of sewer maintenance or treatment and 
has no injurious effect upon the sew- 
ers or sewage treatment facilities. 

2. Those wastes which require some 
adjustment of the amount of flow but 
no preliminary treatment before dis- 
posal into sewers. This category 
would include wastes which are dis- 
charged intermittently and tempo- 


rarily overtax the sewer capacity, such 
as discharges from swimming pools. 


3. Those wastes which can be ad- 
mitted into sewers after some pre- 
liminary treatment to eliminate or 
minimize their harmful effects. This 
eategory would include wastes contain- 
ing acids, oils, grease, and other sub- 
stances which tend to form deposits 
in the sewers or overload the treat- 
ment plant, such as discharges from 
canneries. 

4. Those wastes which should not be 
discharged into sewers since they are 
of such a character as to disturb sew- 
age treatment processes, occasion dam- 
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age to structures, or add unduly to 
the cost of operating the treatment 
plant. Wastes in this category would 
include live steam, scalding liquids, 
and volatile inflammable liquids or 
gases (2). 


It is essential, in drafting the pro- 


visions in the municipal ordinance 
which relate to industrial wastes, 


to classify the wastes in the manner 
described in order to take into ac- 
count financial considerations and ac- 
cord fair and non-discriminatory 
treatment to industries generally. This 
procedure is also essential in order to 
safeguard the city against potential 
legal liability that might otherwise 


arise. In the state of Washington, 
the implementation of the plan 


adopted by a municipality, both by 
the original construction and by repair 
and maintenance of sewers, is a pro- 
prietary rather than a governmental 
function. Therefore, for any negli- 
gence in constructing or in maintain- 
ing sewers (especially when the act 
of the city is the proximate cause of 
the damage sustained) a city may be 
held liable.* 


Conditions Precedent to Issuing 
Building Permits to Industries 


Before a building permit is issued 
to an industry considering locating 
within a given municipality the ap- 
plicant should be required by such 
municipality to submit to the appropri- 
ate city official data concerning the 
wastes it proposes to discharge to the 
city sewers. Data should include 
quantity, rate of discharge, type of 
wastes, proposed pre-treatment (if re- 
quired to meet standards), a sample 
of the anticipated industrial waste, 
and the anticipated daily and monthly 


* Hayes v. City of Vancouver, 61 Wash. 
536, 112 Pac. 498 (1911); Boyer v. City of 
Tacoma, 156 Wash. 280, 286 Pac. 659 (1930) ; 
Muskatell v. Seattle, 10 Wn. (2d) 221, 116 
P. (2d) 363 (1941); and Vittucci Importing 
Co. v. City of Seattle, 72 Wash. 192, 194, 
130 Pae. 109 (1913). 
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discharge volume. Satisfactory ar- 
rangements for waste disposal could 
then be made prior to the erection of 
the proposed plant. 


Status of Industrial Waste Ordi- 
nances in Municipalities 


At the present time a substantial 
number of Pacific Northwest mu- 
nicipalities have not enacted any ordi- 
nance or adopted rules and regula- 
tions with respect to the disposition 
of industrial wastes. Some cities that 
have enacted ordinances or adopted 
appropriate rules and regulations to 
this end have done so only after sub- 
stantial damage to the sewer system 
and treatment structures has resulted 
from the introduction of industrial 
wastes into the municipal sewer sys- 
tem and damage suits have been insti- 
tuted against the city. Moreover, in 
many of the municipalities that do 
have ordinances on industrial waste, 
there should be much more explicit, 
thorough, and comprehensive coverage 
of the subject of the regulation of 
industrial usage of municipal sewers 
than now exists in such ordinances. 
This would enable these municipalities 
to prepare for the anticipated indus- 
trial expansion in this region and to 
avoid possible misunderstandings on 
the part of industrial users and po- 
tential damage claims that might 
otherwise result. Many municipal 
ordinances that were adopted some 
time ago need to be re-examined in 
the light of current developments and 
needs so that the necessary changes, 
indicated by the accumulated experi- 
ence in administering sewer ordi- 
nances, may be incorporated therein. 
In addition, there needs to be much 
more effective and systematic enforce- 
ment of existing ordinances. Mainte- 
nance of good records, with respect to 
what wastes are being admitted to the 
sewer system, should be required since 
this may become particularly impor- 
tant in the event of litigation. 

It is recognized that, because of the 


: 
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particular industries located in certain 
cities, such cities have special indus- 
trial waste problems. Some of these 
cities have enacted specific ordinances 
for the control of wastes from a par- 
ticular industry, such as milk handling 
and processing. However, the enact- 
ment of ordinances on a case-to-case 
basis, without a general industrial 
waste ordinance and rules and regula- 
tions applicable thereto, leaves much 
to be desired and may result in dis- 
crimination with respect to certain 
industries. 


Suggested Remedial Action 


In considering what may be done 
to provide adequate ordinances and 
rules and regulations with respect to 
industrial waste, a number of matters 
should be kept in mind: 


1. The classification of industrial 
wastes into the four groups previously 
mentioned may be indicated. 

2. Attention should be given to the 
elimination of the objectionable as- 
pects of corrosive wastes by controlled 
rate of discharge, neutralization, or 
other pretreatment, and to the prelimi- 
nary treatment of other wastes, re- 
quired because of their strength and 
character prior to admission to the 
municipal sewer system. 

3. Due consideration should be given 
to the view expressed by many writers 
and authorities in this field that it is 
unreasonable for a municipality to ex- 
clude all industrial wastes from their 
sewers, particularly when acceptance 
will not increase the cost of sewer 
maintenance and will have no injuri- 
ous effect upon the sewers or sewage 
treatment. 

4. In the final analysis, the matter 
of the disposition of troublesome in- 
dustrial wastes (other than those 
which must be prohibited from the 
municipal system because of character- 
istics which would create hazards, oc- 
easion physical damage, and interfere 
with the operation of the system) is a 
matter of cost. The policy as to what 
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this cost amounts to and who is to pay 
it should be clearly determined. 

5. Ordinances should include a pro- 
vision which specifies that industrial 
wastes will be admitted to the mu- 
nicipal sewer system only pursuant to 
permission granted by a specifically 
designated municipal official. 

6. The procedure for adequate pre- 
treatment should be spelled out in 
detail. 

7. The specific limits for objection- 
able characteristics of industrial 
wastes should be indicated (3). 

8. Although it is recognized that the 
‘‘Minimum Requirements for the Dis- 
posal of Industrial Wastes,’’ adopted 
by the Washington Pollution Control 
Commission Aug. 2, 1950, apply pri- 
marily to waters of the state (i.e., to 
rivers, streams, ponds, lakes, inland 
waters, underground waters, salt wa- 
ters, and other surface waters and 
water courses within the jurisdiction 
of the state of Washington), neverthe- 


less many of the provisions thereof 


might very well be considered by 
municipalities and adapted for inclu- 
sion in their ordinances and/or rules 
and regulations with respect to the 
disposition of industrial wastes in mu- 
nicipal sewer systems. It also should 
be noted that these pollution control 
minimum requirements provide that 
officials of cities, towns, and sewer dis- 
tricts are directly responsible for the 
control of oil discharged from their 
respective sewerage systems, and that 
ordinanees should be enacted making 
it unlawful to dump or otherwise dis- 
charge oil into these sewer systems. 
9. The Pollution Control Council 
Pacific Northwest Area Report, dated 
1952, also contains minimum require- 
ments for the prevention of industrial 
wastes pollution that should be taken 
into account. These relate to the waste 
disposal practices of slaughterhouses 
and meat packing plants, poultry kill- 
ing and packing plants, milk and milk 
products plants, vegetable and fruit 
canneries, fish and shellfish canneries, 
wineries, breweries, saw mills, veneer 
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mills and other wood-handling plants, 
plants for processing oils and like ma- 
terial, tanneries, beet sugar factories, 
coal washeries, gravel washeries, flax 
processing plants, dehydration plants, 
potato and fruit processing plants, the 
metal industry plants, and pulp and 
paper mills. 

10. In the state of Washington, all 
plans and specifications for the con- 
struction of new sewerage systems, 
sewage treatment or disposal plants or 
systems, or for improvements or ex- 
tensions to existing sewerage systems 
or sewage treatment or disposal plants, 
are required by statute to be sub- 
mitted to, and approved by, the Pol- 
lution Control Commission — before 
construction thereof may commence. 
Therefore close coordination with the 
Pollution Control Commission and the 
State Department of Health is essen- 


tial in formulating municipal ordi- 
nances relating to the disposal of 


industrial wastes. The rules and regu- 
lations of the Pollution Control Com- 
mission also require any owner or his 
authorized agent to submit for review 
and approval a preliminary report of 
any new or major improvements or 
additions to existing facilities used for 
the purpose of industrial waste dis- 
posal or treatment. Further, the final 
plans and specifications therefor must 
be submitted to, and receive the ap- 
proval of, the Pollution Control Com- 
mission (4). The need for compliance 
with the applicable rules and regula- 
tions of the Pollution Control Com- 
mission and of the State Board of 
Health might very well be indicated 
in the ordinance.* In any event the 
cities and towns should obtain the 
opinion of the Pollution Control Com- 
mission and of the State Department 
of Health with respect to the industrial 

*For example, a 1955 Washington statute 
(Ch. 90, 48 RCW (1955 Supp.)) provides 
that any person who conduets a commercial 
or industrial operation of any type which 
results in the disposal of solid or liquid 


waste into the waters of the state is required 
to obtain a permit from the Pollution Con- 
trol Commission before he may dispose of 
such waste material. 
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waste that their sewer system can ac- 
commodate. 

11. Equitable charges must be es- 
tablished and provision must be made 


for paying for the sewers. This 
necessarily involves making an analy- 
sis of the BOD strength, the amount of 
flow, the quantity of solids, chemicals, 
and acids, and the general character 
of the effluent. The rate structure for 
disposal of wastes should be based 
upon periodic tests, usually on a 
monthly basis. This is preferable to 
a flat rate since the quantity of water 
discharged and the chemical character 
of the effluent may vary from month 
to month. Because of the variable 
factors involved in different industries, 
the service charge for the disposition 
of industrial wastes is usually deter- 
mined on a negotiated basis in each 
individual Certain formulae 
have been prepared by engineering 
consulting firms for establishing such 
charges and these may be used as a 
guide in determining an equitable as- 
sessment. 


case, 


Local Improvement District 
Assessments 


From time to time, the question of 
establishing a local improvement dis- 
trict to assess the cost of the disposi- 
tion of industrial wastes from large 
industries is raised. In the event this 
method of financing is employed, in 
the state of Washington at least, the 
assessment procedure must be based 
upon property uniformly 
under the Local Improvement District 
Law upon the basis of benefits to that 
property regardless of the type of im- 
provements thereon.t The assessment 
may not be based upon the quantity 
or character of the effluent; however, 
it is provided that 25 per cent of the 
actual improvements may be taken 
into account in fixing the ceiling of 
local improvement district assessments. 
The zone and termini method may be 
utilized for abutting property owners 
and area assessments for all property 


assessing 


t RCW 35.43.160 (1955 Supp.). 
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served by the trunk sewer line but 
not abutting upon it. Thus this would 
involve an ordinary trunk sewer with 
an enlarged district. 

An assessment made under the Local 
Improvement District Law cannot be 
based upon the quantity of effluent 
discharged into the sewer system or the 
strength and character of such effluent 
as there is no authority for doing so 
under this law in the state of Wash- 
ington. The quantity and nature of 
the effluent are factors, however, that 
should be taken into account in fixing 
the sewer service charge. In this man- 
ner large industries contribute their 
fair share of the cost of building 
and operating the sewage treatment 
plant, making additions and better- 
ments thereto, and operating and 
maintaining the sewer system. The 
rate structure must be based upon 
reasonable classifications. In order to 
establish such classifications, the in- 


dustrial waste should be analyzed and 


evaluated to determine its strength 
and character and the cost of treat- 
ment. ‘Then industries whose indus- 
trial waste is comparable could be 
placed in a certain classification. The 
industrial waste of some plants will be 
of such a nature that they may neces- 
sarily have to be considered on an 
individual basis. After a Local Im- 
provement District has been estab- 
lished, the city is not precluded from 
making an appropriate service charge 
based upon the quantity and character 
of the effluent merely because the 
original cost of the sewers serving 
them was paid for by local assess- 
ments according to special benefits.* 


“Late Comer” (Deferred Benefit) 
Charges 


A provision, such as Section 8 of 
Longview Ordinance No. 862 for De- 
layed Benefit Charges, may be estab- 
lished to take care of industries out- 
side of the local improvement district 


*See Morse et al. v. Wise, 37 Wn. (2d) 
806, 811, 226 P. (2d) 214 (1951). 
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which may desire to connect therewith 
at a later date. Under such a pro- 
vision they are required to pay their 
fair share of the benefits received on 
the basis of contracts which are made 
a covenant running with the land. In 
contemplation of such contingencies, 
the city might deem it desirable to 
construct a larger size of trunk sewer 
than is immediately required to serve 
the needs of existing industries and 
to have the city itself assume a por- 
tion of the cost thereof for which it 
would be reimbursed subsequently, to 
some extent at least, by the ‘‘late- 
comer’’ charges to industries.tf 

A number of studies have been made 
with reference to sewer charges that 
would be very helpful in formulating 

t See also Ordinance No. 1436 
and Seattle No. This 
Seattle ordinance is based upon the language 
of RCW 35.13.220 which authorizes the an- 
nexing city ‘‘to fix and collect charges to 
eustomers.’’ Whether the courts will con- 
clude that ‘‘charges’’ under the above 
statute embrace both the deferred benefit 
charges as well as service charges remains 
to be determined. Deferred benefit sewer 
charges have been sustained in some juris- 
dictions when they are reasonable and are 
equal in proportion to the footage to the 
amount paid by other persons whose prop- 
erty was within the corporate limits of the 
city at the time the trunk sewer line was 
constructed. See City of Tulsa et al. v. 
Bell, (Okl.), 278 Pac. 642 (1929); Oliver 
et al. v. Water Works and Sanitary Sewer 
Board et al., (Ala.), 73 So. (2d) 552 (1954) ; 
City of Fergus Falls v. Edison, 94 Minn. 
121, 102 N.W. 218 (1905); MeQuillin, 
Municipal Corporations, (3rd ed.), Vol. 11, 
See. 31.30. See also State ex rel. Stoeckle v. 
Jones, 161 Ohio St. 391, 119 N.E. (2d) 834 
(1954), in which an ordinance providing for 
a $300 sewer connection charge for permis- 
sion to connect with a village sewer to be 
paid by owners who had improved their 
property at a time when they escaped with 
an inconsequential assessment, was sustained. 
In other jurisdictions, ordinances imposing 
deferred benefit sewer charges have been held 
to be invalid. See City of Des Plaines v. 
Boeckenhauer et al., 383 Ill. 475, 50 N.W. 
(2d) 483 (1943). It remains to be seen 
what position the State Supreme Court will 
take with respect to the imposition of de- 
ferred benefit charges under such ordinances 
in the absence of enabling legislation. 


Wenatchee 


Ordinance 83825. 
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a rate structure with respect to indus- 
trial wastes (5) (6) (7) (8). 


Cooperation Between Cities 
and Industry 


There is much to be said in favor 
of having at least a measure of regional 
uniformity among municipalities with 
respect to their policies for the ae- 
ceptance and treatment or the rejec- 
tion of industrial wastes. If the cities 
and towns of each of the states in the 
Pacific Northwest were requested to 
furnish a copy of their ordinances to 
a committee consisting of representa- 
tives of the officials of the cities and 
towns in the area and the management 
of local industry, much benefit would 
result. Through mutual discussion 
and cooperation between municipal 
officials and representatives of in- 
dustry on such a committee, consider- 
able progress could be made in the 
direction of improving industrial 
waste ordinances, in bringing them up 
to date, and in encouraging more mu- 
nicipalities to adopt ordinances on this 
subject. Furthermore, the recom- 
mendations of such a committee would 
be effective in designing ordinances 
and rules and regulations which would 
make maximum use of the municipal 
sewer systems for the wastes that can 
be handled by them. This would be 
mutually beneficial to industry and 
the municipalities. In addition, se- 
lected sewer ordinances of particular 
merit in municipalities outside of the 
Pacific Northwest could be obtained 
by the committee and studied. 

Through such efforts, by discussion 
and cooperation, it is to be hoped that 
city officials and representatives of in- 
dustry will reach an understanding 
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concerning their mutual interest in in- 
dustrial waste problems. This method 
of working together is far more likely 
to be productive of a satisfactory re- 
sult than the alternative of having 
each city attempt, through the exer- 
cise of its police powers, to abate in- 
dustrial waste situations which have 
already created a problem in the com- 
munity. 
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Stream Pollution 


EVALUATION OF FEDERAL CONSTRUCTION GRANT 
PROGRAM UNDER PUBLIC LAW 660— 
PANEL DISCUSSION * 


I. INTRODUCTION 


By Minton P. Apams, Leader 


Executive Secretary, Michigan Water Resources Commission, 


Lansing, Mich. 


This is the third national convoca- 
tion of state, interstate, federal ad- 
ministrators, and many others affected 
by the Federal Pollution Act of 1956, 
Public Law 660, 84th Congress. Two 
years ago many of the same people, 
but a smaller group, met in Atlantic 
City, when there was great concern 
as to the type of legislation that was 
going to be enacted by Congress. One 
year ago at Los Angeles, with the law 
in effect and the first year’s appropri- 
ation made both for administrative 
grants and construction grants, much 
of the time was devoted to the discus- 
sion of priorities and other ways the 
states perform that part of their re- 
sponsibilities under this Act. 

At the Los Angeles meeting a mo- 
tion was made and adopted, calling for 
a request to the Surgeon General for 
the establishment of an annual confer- 
ence of state and interstate water pol- 
lution administrators. At the present 
time a committee is formally canvas- 
sing the sentiment of the various states 
as to their experiences with this law. 


* Presented at the 30th Annual Meeting, 
Federation of Sewage and Industrial Wastes 
Assns.; Boston, Mass.; Oct. 7-10, 1957. 


As an introduction, a word may be 
said about one state with which there 
is considerable familiarity. Michigan 
has ascertained the hard way one or 
two things that cannot be changed. 
For instance, after the first year’s ex- 
perience in allocating the money, and 
some being disappointed and few be- 
ing pleased, it was felt that it might 
help if the rate and maximum 
amounts of grant be reduced, thereby 
making the money go farther. How- 
ever, it has been stated in official com- 
munications that this plan is not pos- 
sible. Therefore, the rule of 30 per 
eent or $250,000, whichever is smaller, 
is to be followed. 

Since these funds are controversial 
terms of the Federal Law these pres- 
sure brought to bear for allocation of 
funds to certain districts. Under the 
terms of the Federal law these pres- 
sures cannot exert any influence. As 
a result the selections are based 
strictly on merit, 

Another comment is that as an ad- 
ministrator of a state agency it is dis- 
turbing to have so much good time 
spent on ascertaining the few lucky 
people to whom the money goes. 
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The Indiana sewage treatment plant 
construction picture of the past 15 
months apparently is different from 
that being reported for most areas of 
the country. Table I shows the annual 
construction by fiscal years since July 
1951 and an estimate of the projects 
that could go under construction by 
July 1960. This estimate is based on 
personal contact in the individual com- 
munities and includes an appraisal of 
the ‘‘readiness to go’’ of the public 
officials and the people, as well as the 
status of plans and _ specifications. 
Only three projects sold bonds and 
went under construction between July 
1956 and July 1957. During the lat- 
ter half of calendar 1956 all munici- 
palities ready for construction wanted 
to wait for federal funds. Eleven 
projects were offered, and accepted, 
federal grants. Most of them took 
bids before the end of the fiscal year 
but not in time to sell bonds and 
actually start construction. Five of 


these projects had sold bonds by Sep- 
tember 15, 1957. 


TABLE I. 
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II. INDIANA EXPERIENCES 


By B. A. Poote anp O. H. Hert 


Respectively, State Sanitary Engineer, and Special Projects Engineer, Division of Sanitary 
Engineering, Indiana State Board of Health, Indianapolis, Ind. 
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Particular attention is directed to 
Columns 3 and 4 of Table I, which 
show the population served by new 
sewage treatment plants and the popu- 
lation of cities making additions to 


existing plants. It is believed that an 
indication of population served is a 
better measure of pollution abated than 
the more commonly used number of 
projects started or the cost of the 
projects. 

Table II shows the Indiana projects 
that received grants from the 1956-57 
Federal appropriation. By and large 
they were little projects. However, 
they may be fairly representative of 
the country as a whole, since the July 
31, 1957 release of the Publie Health 
Service shows that of the 487 projects 
receiving grants from the first year’s 
appropriation only 48 were given 
$250,000. 

In 1956 Indiana received additional 
applications for $1,652,000 in grants 
from 9 municipalities. One of these 
has proceeded to construction, the 
other eight are still pending. These 


Annual Construction Expenditures for Sewage Treatment 
Facilities in Indiana 


Population Served (1950 Census) | 
New Projects Additions Million Dollars) 

1951-52 6 11,076 -_ | 3.823 0.783 
1952-53 6 29,298 7,316 12.373 1.258 
1953-54 14 177,214 65,858 22.022 2.005 
1954-55 | 14 | 125,383 109,549 | 20.608 2.258 
1955-56 | 13 43,863 470,798 30.275 2.071 
1956-57 3 — 135,862 6.965 0.500 
1956-57? | 11 21,994 15,156 3.629 1.003 
1957-58? | 21 45,800 106,900 12.667 2.600 
1958-598 24 172,170 618,236 21.610 4.530 
1959-60* 26 | 39,499 318,602 18.244 4.070 


1 Actual dollars. 
2 Projects allocated federal grant funds but not under construction July 1, 1957. 
3 Estimated projects and costs. 


5 
: 


SEWAGE AND INDUSTRIAL WASTES April 1958 


Population 


Total Project 
(1950 Census) 


Total Eligible Cost 
(Dollars) 


(Dollars) 
1,120,000 
281,000 
131,903 
334,000 


Federal Share 
(Dollars) 


250,000 
84,300 
39,570 

100,200 
39,278 

200,448 
29,325 
88,781 
96,649 
63,840 
10,370 


Municipality 
Decatur 7,271 
Tipton! 5,633 
Winchester! 5,467 
Huntingburg! 4,056 
Monon 1,439 
Alexandria? 5,147 
Fremont 947 
Jonesboro 1,973 
Fairmount 2,646 
LaGrange 


1,892 
Morristown? | 679 


1,175,000 
648,000 
149,570 
635,200 
194,278 
897,061 
301,325 
413,781 
496,649 
256,840 
144,124 


Total | 


37,150 5,312,008 3,629,210 


1,002,761 


‘ Improvements to existing plants. 
? Engineer’s estimate—verified bids not received. 
Oxidation pond. 


were being considered the latter part of Seven bond issues were sold during 


1957 with 17 new applications request- 
ing $2,489,000 in grants. Thus, the 
total applications on hand would re- 
quire about four times the amount of 
federal funds currently available. 
The tightening of the bond market 
during the past several months has un- 
doubtedly been a great factor in caus- 
ing officials of the Indiana cities passed 


the three-month period ended Oct. 1, 
1957. Late in 1956 and to date of re- 
porting in 1957 five towns have been 
unable to sell revenue bonds at interest 
rates as high as 514 per cent. Three 
of these have federal grant offers. 
Table IV lists the bond sales of the 
Indianapolis Sanitary District since 
1951 and shows a uniform picture of 


over on grant applications to want to 
defer construction and wait for ‘‘an- 
other chance at federal funds.’’ 
Table III indicates the interest rates 
on Indiana sewage works revenue 
bonds, and sanitary district bonds 
from 1951 to September 15, 1957. 


the climbing interest rate. This rise 
is more uniform than that of the 
preceding table because of a common 
basis for review of all the proposed 
bond issues. 

Indiana experiences during the past 
15-month period, ending Oct. 1, 1957, 


TABLE IlI.—Interest Rates—Indiana Sewage Treatment Construction 


Interest Rate (per cent) 


Bond Issue—All 
Projects 
(Dollars) 


Revenue Bonds 


Sanitary 
District Bonds 


Weighted 


Minimum Average 


Maximum 


1951-52 
1952-53 
1953-54 
1954-55 
1955-56 
1956-57 

July 1-Oct. 1, 1957 


3,823,575 
12,372,615 
22,022,024 
20,607,597 
30,275,000 

6,909,000! 

4,928,000 


1.76 
2.15 
2.26 
2.13 
2.38 
2.98 


3.25 
3.38 
2.70 
2.37 
2.50 


4.5 


3.58 
4.04 
3.07 
2.94 
3.48 


4.93 


1 Sanitary district bonds only. 


Be TABLE II.—Indiana Projects with Federal Grants 1956-57 
— 
130,928 
668,160 
97,750 | 
295,937 
322,166 | 
212,800 
34 nee 
04,000 
4.40 
5.00 
4.13 


Vol. 30, No. 4 


TABLE IV.—Sanitary District of Indianapolis 
Annual Bond Issues 
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Interest Length of 
Year (Dollars) (Per Cent) (Years) 
1951 1,350,000 1.88 32 
1952 950,000 1.63 26 
1952 2,460,000 1.88 22 
1953 1,575,000 2.00 25 
1953 3,750,000 2.37 30 
1953 1,950,000 2.25 30 
1954 250,000 2.13 25 
1955 3,210,000 2.13 30 
1956 17,970,000 2.38 30 
1956 840,000 2.38 28 
1956 1,500,000 2.75 30 
1957 1,320,000 3.25 30 
Total | 37,125,000 


and an appraisal of the current at- 
titude of municipal officials, indicates 
a tremendous ‘‘selling job’’ must be 
done if the estimates of potential con- 
struction of the next three years are to 


First, a brief statement about the 
philosophy of sanitary engineers is in 
order. It is difficult to understand 
why sanitary engineers as a group are 
a pristine collection of individuals who 
are opposed to federal grants. It does 
not seem appropriate to take such an 
arbitrary stand not to want federal 
grants. Attention is called to the fact 
that this Public Law 660 is just one 
more tool needed to protect the great- 
est natural resource, water. One feel- 
ing is that water belongs to the state 
and this is believed to be true. 

When an examination is made of 
the record of the pollution abatement, 
it is seen that instead of a decrease 
there has been an increase of pollution 
throughout the country as a whole. 
There does not seem to be justification 
to feel proud of this record, although 


III. FLORIDA EXPERIENCES 


By Davin B. LEE 


Director, Bureau of Sanitary Engineering, Florida State Board of 
Health, Jacksonville, Fla. 
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be turned 
And these estimates must be met if 
the rate of pollution abatement estab- 
lished in 1953 to 1955 is to be main- 
tained. 


into actual construction. 


Conclusions 


Based on the experiences in Indiana 
during the 15 months ending Oct. 1, 
1957, in connection with the construc- 
tion grants program of Public Law 
660, the following conclusions are 
drawn: 


1. Municipal sewage treatment plant 
construction in Indiana was deferred 
during the last half of calendar 1956 
while city officials awaited the outcome 
of applications for federal grants. 

2. Since January 1957 most cities 
and towns not receiving a grant have 
not proceeded because of the tight 
money market and the hope they would 
get a grant from current or future 
appropriations. 


in some areas the performance has been 
commendable. 

In a look at the future it is easy 
to see that there will be serious prob- 
lems. In comparison with conditions 
today, it is predicted that in the fu- 
ture this country will see 600 million 
people, plus a tremendous expansion 
of industry, and much unknown in 
the chemical environment. 

As a ‘‘State’s Righter’’ it is felt 
that a water pollution law is needed. 
Reality must be faced because a law 
appears inevitable. Such a law should 
be in an agency that understands the 
problems. It is not so important to 
debate whether there is agreement on 
Public Law 660 or any other details, 
such as Section 6 or the enforcement 
procedures, but it is believed that it is 
an important matter that the profes- 
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sion of engineering of this group must 
settle on the fundamental principles 
of the approach to this problem. It 
is time to stop leading the publie and 
politicians and the people who pass 
laws to believe that the sanitary engi- 
neers who are the professionals in the 
water control field are in a state of 
utter confusion and disagreement. It 
appears as though that kind of impres- 
sion is left every time a group 
together in Congress. It is time to get 
together and work out the necessary 
details. 

Again, it is stated that Section 6 
is Just one more tool in the over-all 
picture of the program. It is necessary 
to evaluate this program thoroughly. 
In order to do this more time is needed 
to give it a fair test. 

Diseussing Florida, it is very much 
the same picture that has been men- 
tioned in Indiana. In Florida, there 
have been 11 projects, all small, and 
only one out of the 11 under construc- 
tion. Why? Because those 10 towns 
can not finance the other 70 per cent 
of the program. In this program, if 
all the money that the town asked for 
was obtained from the Federal 
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ernment, there could have been a pro- 
gram built amounting to better than 
55 million dollars. So for every dol- 
lar that would have been obtained from 
grants the community would have put 
in 10 dollars. In the southeast it is 
much the same way. In a circulation 
of the southeast it was found that of 
the 118 projects, 9 were completed; 13 
were 25 per cent completed ; three were 
50 per cent completed; three were 75 
per cent completed ; and 61 were ready 
to go under construction. 

Therefore, rather than to condemn 
the program it is felt that further 
time is needed to evaluate the program. 

One other point is offered. If the 
States knew they were going to have 
a 10-year program of federal grants 
they would be in a much better po- 
sition to allocate and set up priorities 
and be in readiness to set up a pro- 
gram. It is believed that it is not the 
federal grant portion that is holding 
up this program. To amplify some of 
these statements the results of ques- 
tions to others are offered. Engineers 
and bond houses that have sold bonds 
in Florida since 1950 were queried and 
the results show a definite pattern. 
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FIGURE 1.—Bond interest rates for Metcalf and Eddy projects, 1950-56. 
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FIGURE 2.—Interest rate of annual bond issue—Sanitary District of Indianapolis, 
1951-57. 


Figure 1 shows the bond interest 
rates for Metealf and Eddy sewerage 
projects from 1950 to 1956, giving 
minimum, average, and maximum 
rates. It is seen that the maximum 
interest rates reached a peak in 1953, 
while the general trend for average 
rates has been to rise, with the highest 
in 1956. It is not known why the 
maximum rates in the bond market 


G 


were lowered in New England in 1956. 
This does not show data from 1957, 
which could be substantially different. 

Figure 2 shows the pattern of the 
interest rate of the annual bond issue 
for the Sanitary District of Indian- 
apolis from 1951 to 1957. A general 
increase is shown with a sharp up- 
turn the last two years. 

In Figure 3 there is contained a pic- 
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FIGURE 3.—Bond interest rates for a combination of water and sewerage projects, 
1950-57. 
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FIGURE 4.—Bond interest rates for basic sewage projects, 1951-57. 


ture of the bond interest rates for 
combined water and sewerage projects. 
This shows a generally rising 
trend and further shows a substantial 
variation between the minimum and 
maximum rates. From knowledge at 
first hand, the entire pattern is rising 
in Florida. 


also 


Figure 4 shows the bond interest 
rates for the basic sewage projects. 
It is seen that the interest rates 
reached a peak in 1953, lowered 
slightly, and then began a rise to the 
present time, with sharp increases in 
the last year. 

Figure 5 shows the bond issue in- 
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FIGURE 5.—Bond interest rates for a group of Florida projects, 1950-57. 
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terest rates for some projects in 
Florida from 1950 to 1957. A general 
increase is also indicated for these 
projects, including the most increases 
in the past two years. 

To summarize, the rising bond in- 
terest rates appear to be one of the 
major impediments in the implementa- 
tion of Public Law 660. To delay fur- 
ther the decisions to construct sewage 
treatment plants postpones the general 
issue and makes for eventual higher 
costs. It will be necessary to pay for 


California is honored to participate 
in this discussion and it is appropri- 
ate to attempt an evaluation of the 
effect of Public Law 660 at this early 
date because without a doubt this pro- 
gram will have a tremendous impact 
on water pollution control throughout 
the country. 

Since it is believed that the Public 
Health Service administration of the 
program will have a great deal to do 
with its eventual success or failure, an 
evaluation of this phase is necessary. 
It is felt that the Publie Health Serv- 
ice is to be commended for the excel- 
lence of the setting up of the program. 
There have been very few hitches and 
it is amazing in a program of this size 
that the operation has been so smooth. 
In processing applications many de- 
cisions have been made promptly and 
decisively. There is not always agree- 
ment with the decisions but they have 
been decisively made. Cooperation 
from regional officers has been tre- 
mendous and is much appreciated. 


Construction Grants Program 


In regard to the construction grant 
phase of Public Law 660 there are 
two sound conclusions that can be 
drawn at this time. First, there is a 
tremendous amount of interest by the 
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IV. CALIFORNIA EXPERIENCES 


By Paut R. BonpDERSON 


Executive Officer, California State Water Pollution Control Board, Sacramento, Calif. 
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these projects at some time and pres- 
ent indications are that this will be 
after the bond interest rates reach a 
level. The present trend shows that 
this interest level will be higher than 
at present; therefore, a delay will add 
to the costs. 

Public Law 660 apppears to be a 
sound tool, provided that the parties 
affected can work out the details neces- 
sary to provide a completely workable 
law. 


cities in California in this program; 
and second, it is too early to evaluate 
conclusively the impact of grants on 
the level of construction. 


Favorable Reaction 


This first conclusion, that is the in- 
terest, is drawn from a number of 
things happening in California. First, 
the legislature in session last spring 
passed a million dollar grant program 
to parallel the Federal program. The 
Governor, however, vetoed the bill. 
Recently the League of California Citi- 
zens enacted a resolution urging and 
requesting that the grant program be 
continued at not less than the mini- 
mum level that is now being carried 
on. 
In the first year there were 81 ap- 
plications filed in California for almost 
8 million dollars of Federal aid. The 
second year (1957) the number of ap- 
plications were down to 64 but the 
amount requested was approximately 
8.3 million dollars. 

As to the second conclusion, relating 
to the inability to evaluate the impact 
of the program, this is due primarily 
to the priority system used during the 
first year in processing the applica- 
tions. The California system gave a 
tremendous advantage to the communi- 
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ties ready to go and did not really 
give time to the unorganized com- 
munity to be stimulated into under- 
taking new projects. It is the feeling 
that the over-all state-wide impact so 
far can probably best be summed up 
as being neutral. There has been a 
little positive activity. There is, un- 
fortunately, indication of a negative 
nature. The grant program during 
the first year did speed consideration 
on a number of signings but they are 
of minor significance as far as the 
state-wide picture is concerned. Ap- 
plications are now being processed for 
the present year’s fund and it appears 
certain that several projects will be 
initiated this year as a result of the 
grant program. 


Unfavorable Reaction 


There has been a negative aspect of 
this program also. All 81 applicants 
last year were supposed to be for 
projects on which construction would 
be undertaken by July 1957. This 
was not the case as many did not start 
construction on or before this date. 
In fact, some of the projects that re- 
ceived certification for grants have yet 
to let their contracts. Twenty-four 
projects of the 81 applicants were 
certified for grants. This left 57 un- 
certified. Of the 64 projects that are 
being processed this year 31 are re- 
applications from communities that 
were not certified the first year. No 
community has indicated that they are 
holding up construction until they re- 
ceive a grant. However, it is hoped 
that their actions do not speak louder 
than their words. It will be some time 
before it is definitely known whether 
some cities are procrastinating in 
hopes of receiving a grant. 


Other Problems 


There are other problems in Cali- 
fornia associated with the program and 
these will be listed but not discussed 
in detail. 

The first is poorly prepared applica- 
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tions and documents. It is really dis- 
couraging to review applications in 
which the first pages are not filled out. 

Second, establishing priorities has 
been difficult. The program requires 
much staff time and other important 
activities, therefore, have suffered. 
Some communities are unhappy over 
the ruling requiring the equivalent of 
primary treatment. 

One of the most knotty problems, 
yet to be solved, is determining what 
is an intercepting sewer. In this re- 
gard there have been hundreds of sug- 
gestions, not all of them acceptable to 
parties concerned. 


Research Program 


A few comments seem appropriate 
on the research portion of P.L. 660. 
California for some time has been of 
the opinion that research should be 
expanded on the federal level. This 
opinion has not changed and it is 
believed that this feeling is general 
in all other states that participated 
in the Congressional hearing, before 
the enactment of P.L. 660. It was 
very disappointing that the research 
phase has been slighted by Congress. 
California’s interest can be demon- 
strated by the fact it is using almost 
every dollar of the program grant for 
the support of research. The particu- 
lar program receiving attention in 
California has to do with the problems 
associated with the ocean disposal of 
sewage. It is felt that California is 
making effective use of the program 
grant monies for research purposes. 
Unfortunately, it is doubtful whether 
their effective use of research program 
monies could be made because of in- 
ability to fill all authorized positions 
in recent years. 


Summary 


In summary, the administration of 
the program by the United States Pub- 
lic Health Service has been outstand- 
ing. However, it is disappointing that 
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the research phase has been slighted 
by Congress. 

Program grant funds are being used 
effectively for research on ocean dis- 
posal of sewage. 

There is a tremendous interest in 
the grant program by communities in 


Grants 


New York State received $2,749,675 
for allocation to municipalities for sew- 
age treatment work construction from 
the 1956-57 Federal budget. While 
some 60 municipalities filed applica- 
tions for these funds, only 37 applica- 
tions were in such form that they could 
be considered for processing without 
substantial change or implementation. 
The formula of the Water Pollution 
Control Board, evaluating each project 
in terms of health benefits to be de- 
rived from the project and financial 
need of the municipality, was applied 
to these, and 24 projects were given 
priorities. 

The total cost of these federally- 
aided projects is in exeess of 13.75 
million dollars. In addition it will be 
necessary for several communities to 
construct collection systems and bear 
the entire cost of these projects them- 
selves as there is no Federal aid avail- 
able for this. 

The grants requested out of 1956- 
57 allocations totaled $2,824,842 or 
about $60,000 more than the appropri- 
ation. However, the actual offers 
amounted to $2,694,314 as the Public 
Health Service ruled certain portions 
of several applications as ineligible for 
Federal aid. 

The law states that the grants shall 
be 30 per cent of the cost of the eligible 
portion of the project or $250,000, 
whichever is smaller. The offers here 
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California. Requests for grants are 
exceeding available funds by a ratio 
of four to one and that pattern is 
expected to continue. 

Finally, it is too early to evaluate 
the impact of the Federal grants on 
the level of construction. 


are about 19.5 per cent of the total 
project costs and average $112,000. 
Only four communities received the 
maximum grant allowance. 

The law further states that at least 
50 per cent of the grant money shall 
be to communities of less than 125,000 
persons. In the New York allocation 
about 85 per cent of the funds went 
to communities of less than 125,000 
population. However, $1,192,209 or 
44.3 per cent of the funds went to 
villages of under 5,000 population. 


Application Processing Procedures 


The procedure for processing appli- 
cations in New York may differ some- 
what from that in _ other states. 
Briefly the New York procedure is as 
follows : 


1. Applications are received and re- 
viewed as to whether they cover proj- 
ects eligible for Federal aid. Those 
that are rejected for this reason are 
returned to the applicant. Those that 
appear eligible are then checked for 
completeness and any necessary addi- 
tional material is requested. 

2. Completed applications are then 
sent to the Public Health Service for a 
determination of propriety for a Fed- 
eral grant offer. 

3. Periodically the eligible applica- 
tions are assembled and scored accord- 
ing to a formula for priority. This 
formula gives equal weight to the 


: 
7 


578 


health benefits to be derived from the 
project and the financial status of the 
municipality. Under the health bene- 
fits are considered the health effects 
of the pollution on the receiving wa- 
ters, the importance of this particular 
situation with reference to other pollu- 
tional situations in the basin, and other 
effects of the pollution on the receiving 
waters not directly related to health. 
Financial considerations include per 
capita cost of the total project, includ- 
ing items ineligible for Federal aid, 
per capita bonded indebtedness exclu- 
sive of school bonds, and the combined 
general and school tax rate per $1,000 
assessed valuation on an equalized 
basis. Every application is rated in 
each of these six categories with a 
maximum value of 10 in each. These 
scores are then totaled and the projects 
are listed in a table with the highest 
number of points first. There are cases 
where the project cost is greater than 
the available debt margin. Projects 
in this group are given top priority. 
Priorities are assigned to cover the 
funds to be distributed at this time 
and applications not receiving a prior- 
ity at this time are reconsidered in 
the succeeding groups of applicants. 


Evaluation of the Program 


After a year of operation it is ap- 
propriate to comment on the program 


evaluation. There is action toward 
the construction of sewage treatment 
plants in places which, it is believed, 
would never have been forthcoming 
without this program. Several of the 
municipalities that have moved ahead 
have been under pressure for several 
years without much apparent success. 
Other places would have gone ahead 
without Federal aid, but Federal aid 
probably has been a factor in speeding 
progress. Of course, the hardest thing 
to do was to turn down applications 
from places that had awarded con- 
tracts prior to the cutoff date of July 
31, 1956. It is felt that some places 
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that were ready to go ahead about 
the time the program was envisioned 
did hold back, with the idea that they 
might get funds. All in all, it is felt 
that the program has stimulated the 
construction of sewage treatment 
plants. While the extra work placed 
on official agencies is heavy, it is hoped 
that the program is continued. 

In the matter of difficulties with the 
program, it is time-consuming from 
the administrative standpoint, but a 
way to provide relief to regulatory 
agencies from the extra work load is 
not apparent. All the administrative 
difficulties are with the applicants and 
their consulting engineers. It is a rare 
application that is received in such 
form that it can be processed immedi- 
ately. The instructions appear to be 
clear but they are not followed. As a 
result, it may take as long as six months 
to collect the necessary data and sup- 
porting documents so that the applica- 
tion can be sent to the Public Health 
Service. Another touchy point deals 
with the time schedule placed on the 
application for having plans and 
specifications ready for bids and also 
the time when contracts will be 
awarded. It would appear that these 
schedules were not realistically as- 
signed, since they are seldom met. 
There have been cases where these 
dates have passed before the engineer 
has been authorized to prepare the 
final plans and specifications. 

One other interesting point in this 
connection is that this program has 
brought quite a number of new con- 
sulting engineering firms into the field 
of sewage treatment works. In New 
York State the plans are given a care- 
ful review following the recommenda- 
tions set forth in the ten states ‘‘Stand- 
ards for Sewage Works...’’ (1). 
It has taken considerable education on 
the part of the state agency to get 
these newcomers in this field to prepare 
their plans according to these stand- 
ards. 
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When this Federal construction 
grants program was launched, it was 
felt that it was unfair in respect to 
taxpayers in states which get only a 
small return for their tax dollars when 
supporting such Federal aid programs. 
Also there seemed to be unfairness in 
respect to local taxpayers who have 
already paid or are paying for mu- 
nicipal sewage treatment plants al- 
ready constructed. This thinking has 
not necessarily changed, but the facts 
are that the Federal construction 
grants program was launched and is 
now in its second year of operation. 
If the program should be cut off at 
the end of this current fiscal year it is 
predicted that there would be several 
projects delayed by reason of the fact 
that the officials of some municipalities 
would hold off in the hope that some- 
how or other the program would be 
resumed in some succeeding year. 
Once a program of this kind is started 
it does not appear that there can be a 
return to the original status that pre- 
vailed before it was started. Munici- 
palities are bound to look forward to 
some kind of continued Federal aid. 


Future Recommendations 


Therefore, taking a realistic view of 
the situation, the construction grants 
program is endorsed and a recom- 
mendation is offered for the appropri- 
ations to be increased to a level more 
commensurate with the requests for 
grants which are being made. In the 
ease of New York State, if there were 
another two million dollars in the ecur- 
rent allocation for 1957-58, it would 
be possible to grant priorities to practi- 
cally all of the municipalities which 
thus far have filed applications for 
Federal aid during the 1956-57 and 
the 1957-58 fiscal years. 

Further, it is felt that the rules 
should somehow be changed, which 
probably would require amendment of 
the law, such that Federal aid could 
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be granted for construction of a por- 
tion of a pollution abatement project 
in advance of actual construction of 
an operable sewage treatment works. 
In this regard reference is made to 
several New York municipalities which 
have the problem of constructing long 
and expensive intercepting sewers as 
well as a sewage treatment plant, and 
the total cost of doing both is so great 
that the entire project must be set up 
on some kind of a stage basis. Mu- 
nicipalities in this position should be 
eligible for aid if they will build their 
needed intercepting sewers as a first 
stage project. 

In consideration of the future, New 
York State received an allocation of 
$2,746,550 for the 1957-58 Federal 
fiscal year. Requests on hand consider- 
ably exceed this amount and there are 
known additional applications which 
will be filed in the near future. There 
are others which will be filed within 
two years. Priorities on the 1957-58 
appropriation are being established 
and forwarded. Currently, administra- 
tion is very much a problem. However, 
the responsibilities of the Public 
Health Service in the regional office 
are appreciated. 

With due regard to the work load 
in the Public Health Service, it is sug- 
gested from the state’s viewpoint that 
it would be helpful if procedures could 
be revised under which, after a state 
priority is given, there could then be 
more direct negotiations between each 
applicant and the Public Health Serv- 
ice; this might be more expeditious 
than having the state serve as inter- 
mediary in the operations. 


Reference 


1. ‘Standards for Sewage Works, Illinois, 
Indiana, Iowa, Michigan, Minnesota, 
Missouri, New York, Ohio, Pennsyl- 
vania, and Wisconsin.’’ Upper Missis- 
sippi River Board of Public Health 
Engineers and Great Lakes Board of 
Public Health Engineers, May 1952 

(partially revised July 1954). 
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VI. INTERSTATE AGENCY EXPERIENCES 


By JosepuH C. Knox 


Secretary, New England Interstate Water Pollution Control Commission, 
Boston, Mass. 


This assignment was to evaluate, 
from ‘the viewpoint of interstate 
agencies, the effectiveness of the grant 
provisions of Public Law 660 in ad- 
vancing water pollution control. Ac- 
cordingly, the several interstate agen- 
cies have been contacted for their 
comments in this regard. 

All the interstate agencies are in ac- 
cord that the grants to state and inter- 
state agencies for expansion of their 
programs have been of considerable 
aid. In addition to financing needed 
pollution control surveys and investi- 
gations, the grants are being used ef- 
fectively in expanding research pro- 
grams on waste treatment problems to 
an extent which otherwise would have 
been impossible. 

The experiences of the interstate 
commissions in connection with con- 
struction grants to municipalities is 
naturally the sum total of the experi- 
of their member states. This 
information has been summarized by 
previous speakers on this panel. As 
anticipated when Public Law 660 was 
enacted, the construction programs in 
some states have been retarded and in 
others stimulated by the grants. 

The situation in the New England 
Compact area follows the same pattern 
as throughout the country in that the 
construction grants program has been 
a deterrent in some states and an ac- 
eelerator in others. Connecticut’s 
program, for example, provided for 
eliminating the discharge of all un- 
treated sewage into its waterways by 
1962, but because of the limited allot- 
ment to Connecticut for grant pur- 
poses the goal cannot be attained as 
planned. On the other hand the grants 
are proving a stimulus to the programs 
in Maine, New Hampshire, and Ver- 
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mont. These states, within recent 
years, enacted water pollution control 
legislation which provides for classifi- 
cation of all inland and tidal waters, 
followed by the installation of the 
necessary treatment facilities to meet 
the classifications. Laws were enacted 
by the 1957 Maine and Vermont Leg- 
islatures making available state grants 
of 20 per cent to supplement the Fed- 
eral construction grants. In New 
Hampshire, similar legislation was de- 
feated when the Senate President 
broke a tie vote on the measure. Such 
state-aid legislation could not be passed 
in Connecticut, Massachusetts, and 
Rhode Island because the majority of 
municipalities in these states have con- 
structed treatment works at their own 
expense. New Hampshire has enacted 
legislation under which the state 
guarantees municipal bonds for sewage 
construction works, and the Vermont 
laws have been amended to require 
only a majority vote instead of a two- 
thirds vote for approval of bond issues 
for treatment plant construction. 

The philosophy in New England has 
always been that pollution control was 
the responsibility of the municipalities 
and the states. It took the state water 
pollution control agencies from the 
end of PWA days in the 1930’s until 
the early 1950’s to convince munici- 
palities that Federal subsidies were not 
and would not be available for con- 
struction purposes. Then the construc- 
tion grant provision was inserted in the 
legislation which resulted in Public 
Law 660. This provision was opposed 
on the grounds that the appropriation 
proposed was inadequate and that pre- 
vious experience had shown Congress 
had a faculty for initiating programs 
and then failing after a few years to 
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make the required appropriations. 
This situation occurred most recently 
in 1952 under Public Law 845. 
Should Congress fail to continue ap- 
propriations for grants, there would 
result a greater lag in treatment plant 
construction than that following the 
PWA program. Therefore, regard- 
less of the philosophy concerning 
grants, it is incumbent on the pollu- 
tion control agencies to make the grant 
program a success. 

It was not the intent of Congress 
that Public Law 660 should curtail the 
program in some states. This has actu- 


Chie 


Those of you who were at the Federa- 
tion meeting in Los Angeles last year 
may reeall that Mr. Hollis discussed 
the then new Federal Water Pollution 
Control Act. At that time there were 
outlined some of the things proposed 
to be done in implementing this legis- 
lation. At this time attention will be 
given to some of the things, particu- 
larly some of the new activities, that 
are under way. 


New Activities 


The job of getting a new program 
such as this started certainly im- 
presses on one the many facets and 
complexities of a well-rounded water 
pollution control program. The va- 
riety of individual skills and activities 
which must be brought together these 
days amazes even those who are not 
entirely new to the field. 

During the past year, the major job 
has been getting the construction 
grants program under way as quickly 
as possible with a minimum of red tape 
—and there has been considerable 
pleasure from the favorable reports 
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ally occurred and yet in some states 
the allotted funds are not being used. 
This situation certainly calls for modi- 
fications and revisions in the present 
statute to provide for more equitable 
distribution of funds to carry out the 
purpose of the law. Proposed amend- 
ments probably could best be formu- 
lated by a Conference of State Water 
Pollution Control Directors, the or- 
ganization of which was recommended 
to the Public Health Service at the 
panel discussion on Public Law 660 at 
the Federation meeting in Los Angeles 
last year. 


that have come to Washington. 


The 
Public Health Service realizes that a 
primary reason for whatever success 
there has been is the cooperative and 


efficient manner in which the states 
undertook this new activity. This 
might well serve as an example of how 
a joint undertaking of this nature can 
be made to work. 

The water pollution control organi- 
zation in the Public Health Service 
was rather depleted at the time Public 
Law 660 was passed in July 1956. 
As a result, rebuilding the staff has 
been a major effort during the past 
year. It is now hoped that it will be 
possible to begin carrying the fair 
share of the load, along with the states. 


Basie Water Quality Data 


Last year a proposal to begin a co- 
operative program of collecting and 
analyzing basic data on water quality 
was mentioned. Many of you know 
about this work. One of the initial 
aims is to establish some 50 sampling 
stations on interstate streams which 
will be integrated into what is hoped 
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will be an expanding network to better 
maintain surveillance over the Nation’s 
waters. These data will include not 
only conventional analyses but newer 
types of chemical and radioactive con- 
taminants. The response to this ac- 
tivity has been almost universally 
favorable and it is gratifying to learn 
that several states are giving more at- 
tention to the collection and use of 
basic data as a guide in planning their 
programs. 


Economics 


Another field entered is economics. 
This activity is closely associated with 
the basic data work but not a part 
of it. The approach to the economics 
of water pollution is based on funda- 
mental economic theory. An effort is 
being made to develop procedures for 
determining the costs of pollution in 
local areas or regions in order to 
show what must be spent for control. 
Economists and engineers on the Pub- 
lie Health Service staff are working 
with universities, Federal agencies, 
and other groups in the development 
of these techniques. It is expected that 
reports on this subject will be avail- 
able soon. 

There are at present research con- 
tracts with the University of Chicago’s 
Economics Department, and Leland 
Stanford University for the develop- 
ment of methods for the economic 
evaluation of water pollution. Suit- 
able means of measuring pollution 
damages to both public and private 
users are being sought. It is also a 
wish to find ways of appraising dollar 
benefits that would accrue to both pub- 
lie and private realms from the con- 
trol of pollution. 


Conference Step in Enforcement 


There is now a device that is proving 
helpful in the solution of interstate 


pollution problems. The pre-enforce- 
ment conference step was added to 
the legislation as a result of recom- 
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mendations by states ‘that had found 
it effective. Even in as complicated 
and difficult a situation as the Po- 
tomae River, it has been found that 
getting the official agencies around a 
conference table is most helpful. Un- 
derstandings have been reached and a 
timetable for correction agreed to in 
each of the conferences which has 
been held. 


Water Quality Conservation 


Another activity which is beginning 
is the water quality conservation 
project. Actually, this is a compre- 
hensive study of a water pollution 
problem having interstate, regional, or 
national significance. The Water Pol- 
lution Control Advisory Board re- 
cently told the Surgeon General that 
there should be more concentration on 
this type of activity. At present there 
is one such study in progress in the 
Arkansas and Red River basins of the 
Southwest. There are several hundred 
miles of main streams and tributaries 
in these river systems that are of very 
limited use because of both man-made 
and natural pollution, principally from 
salts. Significantly, this is in an area 
of the country where water is already 
limited and water shortages pose se- 
rious problems. 

This particular study is designed to 
determine the source of saline and 
other pollution ; how they ean be elimi- 
nated or controlled, and how much it 
will cost. It is an engineering survey 
combined with an economic analysis 
rather than the usual type of stream 
survey. There has been enthusiastic 
support for this undertaking from the 
business and industrial community. 


Basic Research 


Basie research—always of high 
priority—is being expanded as rap- 
idly as resources permit. This re- 
search is concentrating on more effi- 
cient and, hopefully, cheaper methods 
of waste treatment and the charac- 
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teristics of certain new contaminants. 
In all, the research effort has been 
about doubled under P.L. 660, but it 
is still a very modest program. 


Public Health Service Views 


Other members of this panel have 
directed their discussions to construc- 
tion grants. It may be difficult to de- 
termine at this time just how such a 
program, or some modification of it, 
may affect the lagging construction of 
needed municipal waste treatment 
works. For the country as a whole, 
results look encouraging. <A _ recent 
complicating factor is the municipal 
bond market, reported to be the most 
unfavorable in 20 years. 

However, in the long term, some way 
must be found to get the money to 
build the plants that will keep pol- 
lution out of the streams. Better 
methods of financing sewage treatment 
works, especially in metropolitan areas, 
need to be found. It has been pro- 
posed that Federal grants be contin- 
gent on communities in metropolitan 
areas getting together on sewage treat- 
ment construction. Would it not be 
more appropriate for the states them- 
selves to consider this? 

These are some of the things being 
done with the tools and funds that 
have been provided. Like the military, 
however, there may be a tendency to 
feel that there never is_ sufficient 
equipment to do the job. The construc- 
tion grants provision in the Act, which 
has received so much attention, is, as 
one state official put it ‘‘just one more 
tool to use in attacking this problem.’’ 
It may not be just the right one and 
certainly is not perfect; however, the 
fact that it exists without its being 
requested by anyone in the sanitary 
engineering profession, may be an in- 
dication that the people are a little 
ahead of the profession in what they 
want and what they are willing to 
spend. 
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Conservationist Influences 


Altogether, it seems that the under- 
standing and attitude of the general 
public is encouraging. The views of 
the conservationists, for example, are 
of particular interest—and there will 
be more from them and their friends, 
in the form of political action, in the 
years to come. It may very well be 
that the objectives they seek in water 
quality will be strikingly similar to 
those found necessary and economi- 
cally feasible for many other water 
uses. They have often expressed the 
opinion that those in the health and 
water pollution control field fail to 
look ahead and consider the broader 
interests in water use. They point out 
that the old saying, ‘‘You can’t have 
your job and fish too’’ is obsolete; 
it now may be possible to have both 
and the public is willing to pay for it. 
Although the conservationists’ position 
may sometimes seem advanced, history 
may find they were right on water 
pollution, as it has belatedly found 
them to have been on so many other 
great issues. 


Future Demands 


There are many and growing indi- 
cations that the people want the Na- 
tion’s waters protected. This empha- 
sizes the role of economies, which can 
no longer be ignored in water pollu- 
tion control. Preliminary exploration 
in the economic field indicates that 
there must be considerably more spent 
than at present to protect the waters 
from pollution, and that such ex- 
penditures can be justified economi- 
eally. 

Everyone is becoming increasingly 
aware that by 1975—in just 18 short 
years—there will be 60 million new 
Americans. Most of these people will 
live in suburbs that do not yet exist. 
Their needs will have a terrific impact 
on industry. Water pollution is not 
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the least of the great problems they the combined efforts of every jurisdic- 
will pose. Although these challenges tion of government, supported by large 
look formidable, there will be consider- national organizations having state 
able resources with which to meet and local affiliates. 
them. With continued cooperation, im- 
Perhaps the greatest strength in the proved communications, and a better 
national water pollution control pro- understanding of what each is trying 
gram today is that it is not just a_ to do, there should be full prepared- 
single program. Instead, it represents ness for the job ahead. 


CONSTRUCTION GRANTS 


The Department of Health, Education, and Welfare reports an in- 
crease of about $130 million in contracts to be let during the next few 
months under three Federally-aided construction programs. One of 
these programs is the grants for municipal waste treatment plants. 

Contracts to be let this fiscal year for P. L. 660 construction grants 
will increase from the original estimate of $170 million to $215 million. 
The Federal share is $57 million. 

From the program’s inception to February 28, 1958, total applications 
numbered 1,818, of which grant offers have been made to 913, and the 
remaining 905 are pending. The total estimated project costs amount to 
$1,049 million, of which the total cost of grants requested is $164 million. 

Of the total 913 projects to which grants have been made, 80 have 
been completed, 395 are under construction, and 438 have been approved 
and are awaiting construction. 

The average population of applicant communities is 21,384. 

It is estimated that annual Federal appropriations of $50 million will 
stimulate $250 million of total sewage treatment works projects costs. 
The estimated on-site payroll for this construction is $75 million which 
will support approximately 13,000 man-years of labor. 


WRIGHT APPOINTED NEW ADVISER FOR BDSA 


David L. Wright, Sales Administrator of the Badger Meter Company, 
Milwaukee, Wis., has accepted the appointment as Adviser to the Diree- 
tor of the Water and Sewerage Industry and Utilities Division of the 
Business and Defense Services Administration, U. S. Department of 
Commerce. 

Mr. Wright is on loan from his company under a rotation system in 
which key business executives serve the Government without compensa- 
tion for six months or longer. He succeeds Mr. Charles K. Bassett, 
Vice-President of the Buffalo Meter Company, Buffalo, N. Y., who has 
returned to his industrial post. 
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Leader 


Superintendent, Sanitary District, Decatur, TI. 


mary 


settling, and sludge digestion. 


This is the first of two sections of the forum, including grit chambers and pri 
The 


second portion, dealing with activated 


sludge, trickling filters, and stabilization ponds will appear in The Operator’s Corner 


of the May 1958 issue of THIS JOURNAL. 


Chairman Hatfield:—The purpose of 
a forum is, of course, to get discussion 
from the floor. To stimulate this, a 
panel has been chosen and the members 
will present 5-min talks to initiate dis- 
cussion on the subjects of grit chambers 
and primary settling, sludge digestion, 
activated sludge, trickling filters, and 
oxidation ponds. 


Grit Chambers and Primary Settling 


Richard F. Greeley, Associate Sani- 
tury Engineer, Massachusetts Depart- 
ment of Public Health, Boston, Mass.: 


I would like to start by talking 
about excessive hydraulic loadings. 


One of our principal problems in the 
plants here in Massachusetts is exces- 
sive hydraulic loadings of grit cham- 
bers and primary sedimentation tanks. 
We spend a considerable amount of 
time designing tanks, but are we spend- 
ing enough time going back into the 
sewer try to make them 
tight?) During the last three or four 
years we have had extreme weather 


systems to 


* From 30th Annual Meeting, 
Federation of Sewage and Industrial Wastes 
Boston, Mass.; Oct. 7-10, 1957. 
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conditions in Massachusetts. In 
we had something like 18 in. of rain in 


1955 
two days. This year (1957) we have 
had an extreme drought, and we 
have not had more than 4 or 5 in. 
of rain in the last five or six months. 

At one plant, built some years ago, 
every time it rains it flushes out the 
entire sewer system. It has a long 
intercepting sewer, and a medium rain 
will flush out all the grit from the grit 
chamber. This material enters the pri- 
mary settling tanks and interferes with 
the entire operation. I have visited 
some sewage treatment plants where 
the sewage seems to be going out of 
the sewers and the expected flows are 


not being received at the treatment 
plants. At two of these plants the 


flows are only about one-third of what 
they normally are. 
sewage solids 


As a result, the 
are left in the sewers 
and the digesters cannot be operated 
properly. 

With respect to hydraulie loading, 
there is one plant which normally aver- 
ages 2 mgd and is now receiving only 
about 50 per cent of the normal storm 
water. The flow is running about 1 
mgd. This has a decisive effect on the 


2 
7 
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grit chambers and primary sedimenta- 
tion units. In designing these tanks, 
a more or less average mean flow and 
certain sewage strengths were assumed. 
However, these conditions never seem 
to be obtained. There is always too 
much or too little. Should we go back 
and spend more money on the sewer 
system rather than on the sewage treat- 
ment plants? Does anyone have a 
particular problem in his town on ex- 
cess flows ? 

J. Henry L. Giles, Deputy Director, 
Public Works Department, Hartford, 
Conn.:—I have much interested 
in this particular phase of the hy- 
draulies of treatment plants 
over a number of years, and I can think 
of five or six instances in Connecticut 
where what Mr. Greeley has said has 
been quite evident. In 
in some of the 


been 


sewage 


other words, 
smaller institutional 
plants, for instance, a very aggravating 
condition prevails when the grit cham- 
ber does not settle the grit. At times 
of high flow the grit is not taken out, 
and it all goes into the settling tank 
where it collects. We did quite a bit 
that in the later 
plants, such as at the University of 
Connecticut, and in the design of two 


to correct some of 


or three smaller plants where we put 
in multiple units just as you would 


with a large treatment plant. In Hart- 
ford, for instance, they have multiple 
units, but in a smaller plant a lot of 
times an doesn’t 


terms of multiple units. 


engineer think in 
However, it 
certainly is a big help. Three grit 
channels are used, 6 in., 12 in., and 18 
in., so that for times of low flow and 
light flow the smaller grit chamber can 
be used. For normal flows the 12-in. 
chamber is used, and for higher flows 
the 18-in. chamber. In times of exces- 
sive storm flows all three channels can 
be used together. I mention this par- 
ticularly because it has worked out so 
well, and I think every consulting en- 
vineer should think in terms of mul- 


tiple units even for the small plant. 
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T. R. Haseltine, Partner, The Chester 
Engineers, Pittsburgh, Pa.:—Do you 
have 24-hr operation there? What if 
it rains in the night? Is there a man 
there all night to make a selection be- 
tween the 12- and 18-in. grit chambers? 

Mr. Giles:—That is always a diffi- 
cult matter, of course. We have one 
operator on an 8-hr shift, but with 
what knowledge we have we do the 
best we can. At the University of Con- 
necticut where we had a maximum wet 
weather flow of 1.0 to 1.2 med and 0.03 
to 0.05 mgd for the minimum flow at 
night, the operator had to use his best 
judgment, normally using the 12-in. 
grit chamber. During the 
when the institution was closed, we 
used the smaller channel, and during 
the very wet weather, with the ex- 
tremely high flows during the day, we 
used the large channel or 
tion of channels. 

Mr. Greeley:—Let me 
question. 


summer 


a combina- 


another 
What is done at small treat- 
ment plants that have operators there 
only 1 or 2 hr a day? 
number of 


ask 


There are a 
plants of this type. Of 
course, we get a lot of storms at night. 
How are you going to control the grit 
going through? The purpose of the 
grit chambers is to take out the grit to 
protect the sludge digesters and sludge 
handling equipment. In the small 
plants, should we be more concerned 
with this matter? 

There are a couple of other questions 
I would like to throw out. 
the velocity 


» 


working? 


How are 
grit chambers 
This is always a_ problem 


control 


we design them for an average ve- 
locity of around 1 fps, but do they 
always work like that ? We have mini- 
mum flows at night. These low flows 
have a tendency to deposit organic 
material; in the daytime the high flows 
have a tendency to wash some of the 
erit through. 

Another problem is the handling of 
the grit cleaners. In these velocity 
control grit chambers the material that 
comes out is not too clean, and one of 


=: 
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4 
: 
aire 


Vol. 30, No. 4 


the problems we get into from a public 
health point of view is how to dispose 
of the material. You put it in a 
dump area, and it has a tendency to 
decompose and produce an odor nui- 
sanee and health hazard. 

Recently an aerated grit chamber 
was installed in Massachusetts. Should 
we give more consideration to this type 
of treatment? I believe the material 
that comes out is much cleaner. I do 
not have any experience with this 
type of unit. I did have some experi- 
ence with an aerated grease removal 
tank at a military installation which 
did not have a grit chamber. The 
vrease removal unit settled out the sand 
quite effectively. 

W. W. Mathews, Superintendent, 
Gary Sanitary District, Gary, Ind.:— 
The Gary Sanitary District has in- 
stalled some interceptors with rubber 
gaskets in the joints. These have 
proven their efficiency and, with one 
sewer below ground water level, not 
enough water leaked in to run an in- 
filtration test. 

Grit and grit removal is a problem 
in Gary. With a sandy terrain and 
infiltration through lateral sewer joints 
(all sewers are not as water tight as 
noted above) excessive quantities of 
sand get into the sewer system. Where 
average grit removal at sewage treat- 
ment plants throughout this country 
may range from 1.5 to 3.5 cu ft/mil 
val, at Gary this has been as high as 
8 cu ft/mil gal on an annual basis. 
On test runs the highest rate of re- 
moval was 3.3 cu yd/mil gal. It is 
not uncommon to have removals of 
1 cu yd/mil gal. This causes excessive 


wear On cComminutors, raw sewage 
pump impellers, and grit removal 
equipment. It has been found neces- 


sary to cover raw sewage pump im- 
pellers with rubber approximately 14 
in. thick to prevent wear and to keep 
down maintenance costs. 

Raw sludge supply presents another 
problem at the Gary plant. Many 


have been laid on 


sewers in 


Gary 
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limiting grades. During dry weather 
flow solids tend to be deposited in the 
lateral sewers. At such times the 
sludge coming to the plant decreases 
in quantity per day until there may 
be only enough in the primary clari- 
fiers to permit pumping into each of 
the primary digesters 14 hr per shift. 
Experience has shown that to maintain 
normal gas production two hours 
pumping per shift is necessary. A 
light rain, not a washout, will loosen 
this sludge so that it will start moving 
to the treatment plant and at times it 
has been necessary to pump four hours 
per shift to keep sludge from building 
up excessively in the primary clari- 
fiers. With a minimum amount of 
sludge being received, gas production 
decreases and necessitates the purchase 
of either power or utility gas. With 
sludge flowing in at a high rate, gas 
production increases to such an extent 
that it becomes necessary to turn on 
the waste gas burner. Another factor 
has entered into this problem; gas pro- 
duction, total and average, has been 
tapering downward or holding about 
level since 1953, the year when highest 
total production was reached. Total 
for that year was 63,036,650 cu ft. 

In 1957 a total of 58,407,170 eu ft 
was produced. In the intervening 
years total production was below this 
level. This same difficulty is encoun- 
tered at other treatment plants. 

Mr. Giles:—The subject of grit 
chambers is pretty close to our hearts 
in Connecticut because we have found 
in the past that we need grit chambers 
for practically every treatment plant, 
even though the flow was supposed to 
be entirely domestic sewage. There 
have been very fine articles 
printed in the Federation Journal over 
the years discussing the essentials of 
variable widths in grit chambers. We 
use these variable widths in combina- 
tion with the 


some 


Parshall flume so that 


not only do you get increased widths, 
but you get inereased depth and_ in- 
creased flow. 


That is why we have so 


‘ 
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much flexibility in some of these 
smaller plants where we have widely 
variable flows. 

Earl R. Howard, Executive Engi- 
neer, Metropolitan District Bureau of 
Public Works, Hartford, Conn.:—At 
Hartford we have four grit chambers 
with a flow header and a large dial in 
the grit which is di- 
vided into four sections. Control is by 
manual operation. We them to 
velocity of about 1 fps 
The flow is 40 


collection house 
use 
maintain a 
through each chamber. 
med, 

More recently we built a plant in 
Kast Hartford where we have mechani- 
cal grit cleaning equipment, chain and 
bucket type. 
ing cycle, which is part of your prob- 


This permits a rewash- 


Downstream from 
Parshall 


well 


lem on cleanliness. 
channels we have a 
flume so that our 
trolled: there 
tion of grit. 

In the opening remarks mention was 
made of flows that jump from nothing 
in dry weather to three or four times 
that in wet This ealls for 
better sewage construction initially for 


these 
flow is con- 


is no serious aecumula- 


weather. 


It seems to me 
in some of these localities there is such 
tlow variation that it 
would be well to go back in the sewer 


the taxpayers’ money. 


a tremendous 


system and get the bad spots repaired. 

Bill Wallace, Field Engine er, 
Fischer and Porter Company, Pitts- 
burgh, Pa.:—I have had some experi- 
ence with rectangular grit removal ba- 
During low flows they deposited 
material that had to put on a 
dump, oil it, flame it, and then bury 
it to keep insects away. On high flow 
got a definite the 
grit, and I have the feeling more and 
more that the aerated grit chambers are 


sins. 


you 


you carryover of 


going to be the answer. 

John J. Wirts, Superintendent, East- 
erly Sewage Treatment Plant, Cleve- 
land Ohio:—In 1952 we used a geolo- 
identify our grit. In the 
construction of a turnpike interchange 


gist to 


the contractor’s drainings from his ex- 
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cavations were getting into the main 
intercepting tunnel. The 
identified the crystal structures as ma- 
terial these excavations and we 
did get a judgment in court for dam- 


geologist 
from 


ages for the cost of removing the grit 
from the tunnel. So in Cleveland we 
do have grit—a great deal of it. 

Hatfield :—Has 


real operating experience on the 


Chairman anyone 
any 
newer aerated grit chambers? 

C. E. Drummond, Jr., Consulting 
Engineer, Wiedeman Singleton, 
Atlanta, Ga.: 


many 


and 
Undoubtedly, there are 
who have had much more 
than we have had with 
aerated grit chambers. However, five 
or six years ago we came to the con- 
that aerated 
probably offered the 
beating the problem of large washes 


here 
experience 


grit chambers 


best 


clusion 
chance of 


of grit from storms; also at average or 
minimum flows. As you all know, of 
course, the overflow from aerated grit 
chambers has very little effect on 
the depth of flow in the tank itself as 
compared with most conventional types 
of grit removal units. The chief diffi- 
culty has been in getting equipment 
which will remove the grit. I believe 
there is very little question but that the 
aerated grit chamber will provide as 
fine a washing of grit as is necessary 
in any plant. 

In my part of the country we have 
come to adopt the regular bucket chain 
type elevator for most of these installa- 
tions. There is always present some 


industrial waste matter from meat 
packing or textile plants which makes 
grit with 


it impossible to remove 


the ordinary ejector. extremely 
large installations in this part of the 
country and in the Middle West they 
use a clam shell. We have had to re- 
sort to its use in one small plant with a 
flow of 5 or 6 med. 

We feel that the aerated grit cham- 


bers have proven themselves over the 


past five or six years, particularly if 
we can get the grit out. 


’ 
| 
| 
| 
| 
| 
| 
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Carl F. Hodgkinson, Chief, Water 
Pollution Control, Kansas State Board 
of Health, Topeka, Kans.:—It has been 
the experience in Kansas, for the small 
to medium-sized plant, where the 
population ranges from 5,000 to 20,000, 
that the velocity control grit chamber 
produces a better grit than the aerated 
erit chamber. For the small plant 
below this range, as far as I know, 
there is no effective grit chamber. You 
have to rely on tightening up the sewer 
system. 

Mr. Giles:—In New Britain, Conn., 
they have a chemical treatment plant 
for 10 to 12 mgd. The plant was 
built without a grit chamber. How- 
ever, there was a large aerated floccu- 
lation tank ahead of the settling tanks. 
In a very short time they had 6 to 8 
ft of grit in the flocculation tank. It 
makes a wonderful aerated grit cham- 
ber, and depending on the weather, of 
course, they have to remove 100 to 150 
cu yd of grit as frequently as once a 
month. IT am not familiar with their 
experience during 1955, but I imagine 
they had some terrific grit removals 
during those heavy storm flows. Actu- 
ally they have a by-pass line which 
they can use during cleaning and a 
bucket crane to take out large quanti- 
ties of grit. 

E. B. Cobb, Consulting Engineer, 
Metcalf and Eddy, Boston, Mass. :— 
If Frank Flood here he would 
have a lot to say about aerated grit 
chambers. He has been an exponent 
of them. I myself have supervised the 
design of plants with them at New- 
port, R. As 
far as I can tell, they have been suecess- 
ful in removing the grit. 


were 


and Manchester, Conn. 


They are not 
very critical so far as the velocity flow 
through them is concerned. 

Using the catch basin type ejector 
for cleaning, it is necessary to drop 
the hose in the grit hopper and _ pro- 
vide agitation, to pump the grit out 


of them. One trouble 


ran into 
was that some people thought we could 


we 


do that without dewatering the cham- 
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ber. That is not possible, and it is best 
to lower the water to within 1 or 2 ft 
of the bottom. As far as I know today, 
we have had pretty good luck using 


these ejector pumps to clean the grit 
chamber. 
From the Floor:—An aerated grit 


chamber was built some years ago at 
the Urbana-Champaign Sanitary Dis- 
trict sewage treatment plant. To show 
how uncritical some technical factors 
are, they designed it around the use of 
a hydrocane. The bottom of the grit 
chamber was designed so that the crane 
could remove the sludge directly. They 
built a rather large chamber and the 
flows vary quite a bit in range so that 
they had quite a bit of air. The air 
supply is quite variable so that for low 
flows they can the air and 
thereby increase some of the turbulence 
in the chamber. When the grit settles 


Increase 


to the bottom, their grit removal is 
simple. They simply lower the hydro- 


c¢rane into the chamber and take it out 
as they please. 


Sludge Digestion 

Harry E. Schlenz, President, Pacific 
Flush Tank Company, Chicago, Ill. :— 
In the matter of sludge digestion, we 
want to talk about operational prob- 
lems, with particular emphasis on plant 
loadings for the digestion unit. In 
my visits during the past year at a 
number of sewage works meetings, par- 
ticularly the short-school type, I have 
been privileged to discuss digester op- 
erating problems with the operators. 
Based on these discussions I want to 
emphasize a few things that have come 
to the front, especially from operators 
who are just starting to operate their 
plants. 

First of all, we have always felt that 
the digester should be a sort of ‘‘take- 
up’’ in the plant, and sometimes I think 
it is too much of a take-up. It takes 
up the failures of the grit chambers, 
with the result that sand and grit 
builds up in the digester over periods 
of time, and then we have to take the 


at > : 
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sand and grit out. It also provides newer plants, I find that the operator 
a storage capacity for other features is slow to realize that digestion is a 
in the plant which is important. At highly biological process, as well as me- 
the same time the operator has to give chanical; and he does not quite under- 
quite an assist to the work that is stand what he is trying to accomplish 
being done in the digester. in the digester or how what he is trying 

In many cases, particularly in the to do affects the action in the digester. 


TABLE I.--Procedures for Starting Sludge Digestion 


Use least capacity available. 
In multiple tank installation—start the digestion in one tank only. 
In floating cover installations—fill the tank only sufficiently to float 
the cover. 
Starting volume Use fresh raw sewage or water for filling. 


Caution—If an existing “‘sour’’ digester is to be restarted remove the 
sour contents completely and have inside walls and bottom thoroughly 
cleaned. 


Temperature control Initially heat contents to approximately 95° F. 
‘ Maintain temperature uniform within 3° F (+). 
Seeding not absolutely necessary, but will hasten start of digestion 
action. 
Use sludge and/or digester liquor from a nearby digestion installa- 
tion showing an active methane digestion. (Normal gas being pro- 
Seeding culture duced and contents low in volatile acids.) 


Desired Quantity Approximately 0.5 per cent (dry weight) of weight 
of liquid in the tank. 


In feeding, add no more than 10 per cent of the anticipated ultimate 
daily load each day. 
Sludge feed When the gas produced is 50 per cent. of that calculated from the vola- 
tile solids added (approximately 5 cu ft/lb of dry volatile solids), and 
the volatile acids do not rise sharply, increase the feed by 50 to 100 
per cent of initial feed daily until the ultimate load is reached. 


Recirculate digester contents daily. At start, turn over the complete 
tank contents (bottom to top) for a 2-hr period at least once daily. 

Contents recirculation Recirculation for external heating with suction taken from point 
about one-third of side water depth from bottom to top of liquid. 


Make volatile acids determination daily before adding feed. Con- 
tinue daily determination until ultimate load is reached. (See 
Volatile acids “Standard Methods.”’) 
determination Volatile acids should not exceed 2,000 ppm. 
If volatile acids concentration shows continued increase, or digestion 
does not start, reduce or interrupt feed of raw sludge. 


Measure and record gas production daily. 
Gas yield Check CO, content of gas. (Simple rough determinations are 
sufficient.) 
Should expect approximately 10 cu ft/lb of volatile solids added in 
raw feed per day. 


When the ultimate calculated load for one digester is reached, other digesters in a multiple 
tank installation will be easily started by transferring a limited amount of the best digested sludge 
and the overflow liquor from the first (initially started) digester to provide an active seeding cul- 
ture. 


25 
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We do know the process is a biological 
one, and we are learning more and 
more about the organisms that are in- 
volved. They are rather slow to build 
up from the time of the first seeding 
until a good active culture is produced. 
These digester organisms are quite dif- 
ferent from other types of organisms 
that build up rather rapidly, and we 
have to treat them differently. 
Dr. Buswell and 
| prepared an outline (Table I) for 
starting up the operation of a digester 
for waste treatment where the period 
of digestion—the period of holding— 
was in the nature of 1144 days, and 
we knew we had to do many things 
differently than for those cases where 
adequate capacity was available. I 
have been using this procedure in re- 
cent years with operators, and I find 
if they follow it they avoid some of the 
starting difficulties. One important 
consideration is the matter of tempera- 
ture control. We are gradually realiz- 
ing the fact that we should not start 
digesters cold. If the tank is filled up 
with a lot of cold material that is 
available to digest day, then 
there will be all the familiar problems 
when finally it is ready to digest. 

By starting a digester initially with 
a small volume of sludge or liquid 
heated to an optimum temperature and 
by limiting the increments of feed of 
raw sludge, such 
avoided. Some 


Some years ago 


some 


problems may be 
will take exception 
to my statements about limiting the 
feed of sludge to 10 per cent of the 
normal ultimate daily loading until 
such time as there is evidence of diges- 
tion. I am not suggesting that we 
should add the equivalent of 10 per 
cent and wait a week and then add 
some more. I am saying we should put 
in small increments of sludge until we 
see good evidence of digestion. The 
percentage can be varied because in 
many places larger quantities are fed 
without any difficulties. 

Referring to the matter of loadings, 


there has been considerable confusion 
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in our interpretation of the work of 
experimenters and plant operators, in 
comparison with capacity  require- 
ments as set forth by state boards of 
health and other agencies. In Table 
Il I have tried to record pertinent 
data on sludge digestion relative to 
digester loadings. Although there has 
not been any attempt to group the 
data in accordance with the nature of 
the experiment, you will note that the 
data as recorded involves pilot-scale 
experiments, carefully controlled plant- 
sized experiments, and, finally, nor- 
mally operating plants operated with 
high digester loadings. Reference to 
the loading of volatile solids, as_re- 
corded in columns 8 and 9, indicates 
the obvious fact that the highest load- 
ings are possible with laboratory-scale 
experiments, followed by pilot-size op- 
erations, and, finally, carefully con- 
trolled plant-scale experiments. It is 
not logical to attempt to apply loading 
factors obtained from small-scale pilot 
plant experiments to the design of full 
plant-seale operations without consid- 
ering many other factors. 

To summarize, I would say that in 
operating a plant where an operator 
has a sufficiently trained staff to pro- 
vide careful digester control, it is not 
difficult to get loadings of volatile 
solids (in pounds per cubic foot per 
day) in the range of 0.15 to 0.2.. In 
the case of pilot experiments, these 
loadings have gone up into the range 
of 0.3 lb per cfd, and some of them to 
the 0.4-range. Dr. Buswell had a lab- 
oratory experiment up to or beyond 
the range of 0.9 lb per efd. It is pos- 
sible to obtain these high loadings with 
a carefully controlled type of waste 
and carefully controlled laboratory 
work. On the other hand, if the per 
cent reduction in volatile solids is com- 
pared with what is normally expected 
it will be found that as the loadings 
go up, even in these carefully con- 
trolled experiments, the per cent. re- 
duction of 


volatile solids is reduced 


considerably below that normally ex- 
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pected. This demonstrates the law of 
decreasing results. 

In going over some of the various 
articles and controversies on the matter 
of digestion tank loadings, one always 
finds reference made to the standard 
as set up by the state boards of health 
and other agencies that are guiding di- 
gester design. If a digester system 
were designed in accordance with ree- 
ognized standards, it could be repre- 
sented graphically as a 100-per cent 
system, as shown in Figure 1. As- 
sume in this digester system that one- 
half of the capacity serves a purpose 
other than active digestion. It is the 
capacity that allows us to operate 
sludge disposal facilities. This part 
of the capacity the experimenters do 
not concern themselves with because 
they are talking about the active diges- 
tion system. Now, if we take the other 
50 per cent of the capacity, starting 
at the top, we have from 5 to 10 per 
cent of the capacity used to take care 
of variations in the amounts of sludge 
in and out. Next, we frequently have a 
capacity that is taken up by scum 
and debris. This scum capacity may 
amount to 15 to 20 per cent of this 
half capacity. Then there is that part 
of the capacity which I put down as 
reserve and for which I use a figure 
amounting to 5 to 10 per cent of this 
digester volume. This is the capacity 
reserved for sludge that is retained in 
the system as a buffer in case some un- 
usual waste gets in the system. Some 
of this sludge may be ready for re- 
moval, but it is effective to have it 
stored up in the system. What does 
that leave us with? It leaves us with 
that portion I call the active digestion 
capacity. This amounts to 60 to 70 per 
cent of the half capacity, or from 30 to 
37 per cent of the total capacity as 
compared with state boards of health 
standards. When the digester capacity 
is analyzed in this way and it is seen 
that those working on carefully con- 
trolled experiments are reporting the 
results of this portion of the digester 
system, then practice and laboratory 
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are not too far apart. This gives us 
an answer as to why in some cases we 
talk about loadings that look very low 
and in other cases we talk about load- 
ings that look relatively too high. We 
are not talking about the same thing. 
We are not able to operate our plants 
in general as experimental plants be- 
cause there are too many other con- 
siderations that come into the system. 

Philip F. Morgan, Professor, College 
of Engineering, State University of 
Towa, Iowa City, lowa:—Since the sub- 
ject is sludge digestion and my _ spe- 
cialty is high-rate digestion, I shall 
confine my remarks accordingly. 

First I want to establish a basis for 
talking about high-rate digestion; I 
think the proper definition of a high- 
rate system is any system whereby the 
biological phase of digestion is carried 
on in one unit or one digester, and the 
mechanical phase of separation of the 
liquid from the sludge is carried on in 
another unit, either preceding or fol- 
lowing the digestion phase. In addi- 
tion to this, I think that in a high-rate 
system there must be a homogeneous 
mixture in the biological system; in 
other words, it must be completely the 
same from the top to the bottom. 
This is necessary so that the sewage 
solids, as they enter the tank, immedi- 
ately come in contact with digesting 
sludge where they get seeding action 
so that the biological phase starts at 
once and there is no storage of raw 
solids in the biologieal unit. In other 
words, we have a biological unit that 
is completely active. 

Another point is that when you have 
one tank that is completely the same 
throughout, the operator has _ bet- 
ter control over the digestion process. 
If he takes a sample to run volatile 
acids, pH, or solids, or whatever con- 
trol tests he wishes, the sample he takes 
represents the entire tank. There is 
no question of whether the sample rep- 
resents the top or the middle or the 
bottom. 

Another point is that when the en- 
tire biological unit is active, it is not 


| 
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for 
scum on the bottom or the top 
because the biological unit is the one 
that is controlled. The problem of the 
erit, of can be taken eare of 
separately. The other holding tank, 
the so-called secondary digester, then 


necessary to reserve storage Space 


erit or 


course, 


becomes primarily a sedimentation unit 
and not truly a digesting unit. 

| believe that the development of the 
high-rate 
biological 


digestion idea of doing the 
work in tank follows 
the pattern developed in other sewage 


one 


treatment processes, such as high-rate 
trickling filters and _ high-rate 
vated sludge, in which we 


acti- 
are try- 
treatment 
under better controlled conditions in a 
smaller volume of tank structure. It 
is the volume of the tank structure, 
of course, that costs money today. Now 
when we do this in any of the high- 
systems we have better control; 
by better control, we mean more con- 
trol. Now when | that. I ean 
visualize a conference like this a gen- 


ing to carry on biological 


rate 
say 
A comment was made 


quoting from a textbook of the day- 
that an Imhoff tank did not have much 


eration ago. 


future in sewage treatment because it 
was too complicated and that a septic 
tank was far better. People object to 


change and like to see things stay the 


way 
and 


they are. But I think changes 
will be when the 
change results in better control so that 
the man running the plant knows what 
doing, there savings 
in cost of operation, and a better prod- 
vet results. 


progress made 


he is when are 
The modern sewage treat- 
ment plant is indeed a manufacturing 
We must try to carry on the 
treatment at the least total cost to the 
that the 
capital cost and operations cost com- 
bined, 

Arthur M. Buswell, Research Pro- 
fessor, University of Florida, Gaines- 
ville, Fla.:—I think that the speakers 
have covered the subject 


process. 


taxpayer, and means least 


quite ade- 


quately. However, [| would like to 


define what we mean by the digestive 
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With to the high- 
rate digester, | am in complete accord 
with what Professor Morgan has said. 
If you thorough agitation, 
certainly can operate at a much higher 
rate. 

An operator asked me the other day : 
‘What do you do in ease the digester 
[ said, 
‘Circulate very extensively, as much 
think in many 
that is the answer. 

I had a request the other day about 
how you would start the secondary di- 


gester. 


capacity. respect 


have you 


seems to be getting stuck?”’ 


as possible.’’ | eases 


That floored me for a moment 
never thought of that par- 
ticular thing as a problem, and I do 
not believe it is, except that the sec- 
ondary digester should be filled pre- 
viously with raw sewage and heated 
to the temperature that the primary 
digester is held at so that it is avail- 
able Ordinarily 
a considerable percentage of the diges- 
tion has taken place in the first tank. 
I believe in earlier years they reported 
that 50 per of the digestion oc- 
curred in the first 24 hr. 

One thing more about the secondary 
digester—I have always regarded it as 
Certainly, most of the di- 
gestion should take place in the primary 


digester ; 


because 


for back cireulation. 


eent 


insurance, 


the secondary provides part 
of the liquid for back cireulation in 
the case of a high volatile acids condi- 
tion and insures against the necessity 
of discharging a sour mass of material 
in ease the primary digester gets stuck. 
In two or three designs, the secondary 
much smaller than 
the primary; or one preferred design 


digester has been 
is two primaries and one secondary. 
In such a case, if necessary, the second- 
ary can be made a primary in case 
one of the primaries becomes acid. 
Mr. Masterson, Consulting Engineer, 
Cincinnati, Ohio:—Mention was made 
about a sewage treatment plant being 
the same as a manufacturing or indus- 
trial plant. We that in a 


sense an error, and in today’s design 


consider 


of sewage plants we are working away 
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from fancy design, toward better con- 

trol of the operation in digesters. Do 
not forget that we cannot keep up 
with the demand for operators to take 
over the operation of these plants. 

Clair N. Sawyer, Professor of Sani- 
tary Chemistry, Massachusetts Insti- 
tute of Technology, Cambridge, Mass.: 

As many of you know, professors 
are often accused of being behind the 
times as to what is going on in the 
operators’ field. 1 was quite surprised 
to note the recommendation to apply 
only about 10 per cent of the antici- 
pated load to a digester when starting 
it up. | have labored under the im- 
pression all these years that one of the 
reasons for the design of a conven- 
tional digester is so that the moment 
you started your plant up you could 
accommodate 100 per cent of the 
sludge flow and not have to be by- 
passing it to the river. 

One of the things that has always 
bothered me about the development of 
the high-rate digestion process was that 
we are going to make these tanks one- 
quarter or one-half of the volume that 
we would provide if we were using 
conventional digesters. | was fearful 
that the state health department people 
would say, ** Well now, you cannot put 
in such a unit until you have demon- 
strated how you ean start such a di- 
vester without by-passing sludge to the 
river after your plant has gone into 
operation.’’ Those of us who are in- 
terested in research try to get the an- 
swers to these problems; so we have 
been working on this matter of start- 
ing high-rate digesters, the prob- 
lem that many of you are going to 
have to face. How are these digesters 
going to be started? Will we use a 
program of starting similar to that 
which we have been given to start di- 
vesters of the conventional type? We 
have been working on this problem, 
and have found that, if we first fill 
the digester with sewage and bring it 
up to temperature, we can put it under 
full load with the sludge, and, by 
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proper pH control 
erating properly. 

Fred G. Nelson, Director, Sanitary 
Technical Division, Dorr-Oliver, Ine., 
Stamford, Conn.:—There is one thing 
I think could well be added to Mr. 
Schlenz’s comments on digester volume. 
That is the fact that some of the active 
part of the digester actually is handling 
nothing but water. The thing that I 
think we should keep in mind is that 
if we can concentrate the sludge to the 
point that we can get the least water 
in the raw sludge, we can greatly in- 
crease the digestive capacity. 

Ralph H. Baker, Jr., Sanitary Engi- 
neer, Florida State Board of Health, 
Jacksonville, Fla.:—One of the diffi- 
cult tasks on the part of the health 
department officials is education. We 
may have a facility which the city 
council feels is a new facility, but some 
of the people that were in on the con- 
struction and the initial building of it 
do not feel that it is operated either 
as an industry or a business. 

Education is one thing that we need. 
We can talk about first-stage and sec- 
ond-stage digestion; we can talk about 
the efficiencies, pro and con, of aerated 
grit chambers. However, if we would 
study the number of man-hours and 
the number of personnel that the vari- 
ous type plants need and try to work 
out some livable wage for the opera- 
tors, in the long run we would accom- 
plish a real purpose. That is the 
biggest problem in Florida—not the 
discussions and conferences with 


get the digester op- 


de- 
signers or consulting engineers, because 
we can work them out. The problem 
is in trying to educate municipal offi- 
clals to get a livable wage for the 
operators so that they can efficiently 
operate the treatment facilities that we 
have and that are being built so fast 
that we cannot get good men to handle 
them. 

James M. Brown, Jr., Superintend- 
ent, Sewage Treatment Plant, West- 
chester County, N. Y.:—Two years ago 


at the New Rochelle sewage treatment 
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plant we started the digesters with 
about 60 to 70 per cent of the full 
We did not have to handle much 
sludge in the beginning and the di- 
gesters started successfully. I think 
the answer to why we got by without 
any trouble is because the digesters 
were of conventional type and lightly 
loaded. My main point is that we have 
four digesters that were all designed 
alike. Therefore, one or more of them 
could be used as secondary digesters. 
| believe it is important to provide 
secondary digesting capacity. 

We have draft tubes on the digesters 
to prevent the formation of scum. If 
the draft tubes are operated, they keep 
the scum from developing, although a 
very poor supernatant results—so bad 
that we cut down the amount of time 
that the mixers were being operated. 
When we opened the digester, we 
found 5 to 6 ft of scum. We kept the 
mixers running constantly for six 
weeks. Then we opened the digesters 
again and found absolutely no scum 
at all. Because they were stirred up, 
there was no line of demarcation be- 
tween sludge and supernatant. There- 
fore, the supernatant was so poor that 
we were using the primary settling 
tanks as secondary sludge digesters. 
Consequently, we had to use two of the 
digesters as secondaries and leave the 
mixers off. By this means we have 
been able to keep the primary digesters 
stirred up, and therefore we are able 
to alleviate the scum condition and 
provide a suitable supernatant from 
the secondary digesters because we do 
not have to keep the secondary tanks 
stirred since the scum problem is not 
going to be so critical. I think the 
need for secondary digestion is one 
that is very important. The levels of 
the primary digesters are very critical 
for. if the level is too high, the mixers 
do not funetion properly to relieve 


load. 


scum. 

Professor Buswell:—The subject of 
feeding is perhaps a little 
If you add 10 per cent 


initial 
ambiguous. 
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of the anticipated sludge load to a 
digester which is heated to the proper 
temperature and seeded, and you find 
that you get half of the anticipated 
gas or calculated gas, then the next day 
you have to add 20 per cent of the 
sludge load; and if you still continue 
to get gas, you add 40 per cent; and 
if gas production continues you keep 
increasing the sludge load. In a rela- 
tively short time you are adding the 
full load considerably under 20 days. 
I believe that at Cincinnati when the 
four digesters were cleaned out and 
reseeded that within considerably less 
than 20 days one tank was taking the 
full load, or four times its design load. 

Mr. Schlenz:—When a panel diseus- 
sion speaker has 5 min to start a sub- 
ject like digestion, there is likely to 
be considerable misunderstanding. I 
would say to Clair Sawyer that I have 
seen operators try to do the sort of 
thing that he says, but the trouble is 
Clair Sawyer is not there holding the 
operator’s hand. I would much rather 
have the operator go carefully even if 
he has a lot of digestion tank capacity. 
Capacity is not the answer; it is a 
matter of getting a culture started. Of 
course, if the operator can get a good 


seed sludge from some place, part of 
his problems are over because he has 
got something started. 

I am afraid in presenting a rough 
symbolie digester, like I did in discus- 
sing the use of tank capacity, some 


might think I talking about a 
stratified tank. The sections mentioned 
were merely portions of a tank by rela- 
tive volume. I could have gone still 
further and said that we can get rid 
of the seum and turn the volume it 
occupies into an active capacity. The 
destruction of scum can be accom- 
plished by effective mixing by means 
of gas recirculation. The main thing 
I was trying to get across was to 
elarify the any discussion 
on digester volume so that we all talk 
Are we talking 
about a digester system which would 


am 


basis of 


about the same thing. 
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include some of Fred Nelson’s pre- 
liminary dewatering and would include 
Phil Morgan's facilities for storing the 
sludge as against just talking about the 
active digester capacity? 

If we have the opportunity of having 
the operating staff backed up by good 
chemists at the treatment plants, I 
know that we can design on the basis 
of considerably higher loadings than 


state boards of health suggest. But 
the trouble is we do not have such 


extensive staffs at most of the plants. 
It is important to consider that the 
treatment plant operator is confronted 
with many problems which are not 
anticipated by designers, nor by those 
reporting their findings from carefully 
controlled experiments. Without ad- 
vance warning, wastes which are toxie 
to biological action may be received in 
the raw sewage and will retard the 
normal action in the digestion system. 
Dave Backmeyer reported on the pro- 
cedures he had to follow in resuming 
the operation of the digestion system 
at the Little Miami treatment plant 
at Cincinnati, Ohio, after the raw 
sludge feed was interrupted due to 
flood water conditions. These floods 
caused discontinuation of the opera- 
tion of the sludge settling units for a 
period of about 30 days. Since the 
digester system was operating effec- 
tively at a high sludge loading at the 
time of the interruption, he assumed 
that he could safely resume the full 
load when sludge was again available. 
However, he found that a resumption 
of the full load of solids resulted in a 
rapid increase in volatile acids in the 
digester system and it was necessary 
to resort to procedures as recommended 
for the initial starting of digesters. 
This meant a low feed of 10 per cent 
the first day and 20 per cent the next 
day, ete. 

George Martin, Superintendent of 
the Green Bay, Wisconsin, plant, re- 
ports that when he is operating his 
digesters at a higher than normal load- 
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ing, he finds it necessary to anticipate 
an interruption of the raw solids feed 
of as short a period as three days. 
Professor Morgan:—l made my 
opening comments on the basis of my 
past experience in working with diges- 
tion. I would like to make my closing 
comments as a member of the City 
Council of lowa City. I have been a 
member of the City Council for the 
past two years, and I have been actively 
interested in the Iowa City sewage 
treatment plant for the last 10 years. 
This problem of always saying you 
cannot get a qualified man always irks 


me. lowa City has a qualified super- 
intendent. He is a graduate engineer. 


He has been there 10 years. The plant 
is completely paid for. A year ago we 
added a rather large pumping station. 
We paid for it out of the earnings. 
This year we are adding facilities 
for gas mixing in the primary digesters 
and also new heating facilities. We 
are paying for these out of earnings. 
The plant today is in better shape than 
the day it was built because we have 
a superintendent there who looks into 
the problem of why something does not 
work and he does not repair it with 
‘*hay wire,’’ but investigates the cause 
the the problem and solves it. As a 
city councilman, I think one of the 
greatest problems we have is that the 
story is not being carried to the coun- 
cil. I am sure that most councils— 
it is certainly true of lowa City—want 
to spend the taxpayers’ money as 
wisely as possible. They are willing 
to give money to any department that 
shows by proper use of that money 
they will save money for the city in 
the long run. If, by spending money 
now for the proper operation of the 
sewage treatment plant, we can save 
a million dollars in maintenance and 
reconstruction a little later, I think 
most councils will go along with the 
request. It is hard to sell; but it has 
been done in lowa City. 
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TIPS AND QUIPS 


Low Voltage 


The potential hazard of shock from 
110-v cireuits should be well-known to 
operating personnel. In order to re- 
duce this danger when using auxiliary 
lighting, a low-voltage portable light 
system has been placed on the market. 

A transformer provides 6, 12, or 32 

from 110/120-v power 
Lamp guards and transformer 
cases are connected to ground through 
a third wire. From 200 to 400 w of il- 
lumination can be provided with 50, 75, 
or 100 w size, screw-in style medium 
Edison Additional infor- 
mation can be obtained from Joy Man- 
ufacturing Co., 1201 Macklind Ave., St. 
Louis, Mo. 


Vv service a-e 


sources, 


base bulbs. 


Gasket Joint for Cast Iron Pipe 


Announcement is made of a newly 
developed molded rubber ring gasket 
for use with a cast iron pipe having a 
specially designed bell end. 
tion of the gasket is composed of hard 
rubber to provide a strong shoulder for 
centering the pipe; the other section is 
a softer rubber for ease in assembling 
and to provide sealing at maximum de- 
flections. Metal contact strips are 
molded or fastened into the gasket to 
provide sufficient contact for the use 
of electrical pipe thawing in cold 


One see- 


climates. 

For installation the gasket is lubri- 
cated, inserted in the pipe, and the 
pipe home. 
gasket-type joint is known as “‘Fas- 
tite,’’ a product of the American Cast 
[ron Pipe Company, Birmingham, Ala. 


shoved single 


Sewer Maintenance 
The value of having a program of 
preventive sewer maintenance was im- 
mediately apparent to the reorganized 
municipal government of Peoria, Tl. 
Prior to 1953, never 


sewers were 


cleaned; action was taken only upon 
complaint. The sewer department now 
owns modern equipment and cleans 12 
to 16 miles of sewers each year to keep 
the city’s 250 miles of sewers in good 
order. 

A good sewer maintenance program 
is a mark of a progressive municipal 
government. The city administration 
that depends upon action only when 
complaints are received is due for an 
eventual rude awakening by the elec- 
torate. 


Tunnel Problems 


Hot water, oil, and gas were among 
the hazards encountered during con- 
struction of interceptor sewer tunnels 
for the Allegheny County Sanitary Au- 
thority at Pittsburgh, Pa. Of the 69 
miles of interceptor sewers, 30.5 miles 
are being built in tunnels, varying from 
40 to 500 ft below the ground surface. 

In some areas the water seeping into 
the tunnel is hot—so hot that it heats 
the liner plates, after they are in place, 
to a degree that would cause burns to 
the workers if they came in contact 
with them. Investigation has indicated 
that the water probably comes from the 
steel mills by seeping through the rock 
formation below the mills. In another 
section, oil seeped through the rock 
crevices, but oil wells were not in evi- 
dence. was that the 
oil resulted from the cleaning of tanks 
in an oil storage area. 

During the boring of one tunnel a 
capped 12-in. gas well was encountered 
100 ft below the surface. Fortunately 
the tunnel ventilating system prevented 
any damage from the gas and the well 
was capped immediately. 


One suggestion 


Most of our 
things we do 
from things others do to us. 


come from 
rather than 
There- 
fore, keep very quiet about them. 


troubles 
ourselves, 
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VAREC SEWAGE EQUIPMENT 
helps BURLINGTON, VERMONT 
keep LAKE CHAMPLAIN clean 


Varec’ Burlington, Vermont, has installed the first 


modern sewage plant in Vermont to protect the 
waters of Lake Champlain for swimming, fishing 


Pressure Reliet and Vacuum and boating. 
Breaker Valve On the Dorr Multidigestion System, VAREC 
SEWAGE GAS CONTROL and SAFETY DE- 
VICES protect the plant against fire and explo- 
sion, and regulate the volatile sewage gas for 
smooth operation. 


With thousands of communities in the United 

Flame Checks States and Canada installing Varec Sewage Equip- 
ment, it is practically standard for controlling 
Flame Trap Assembly gases from sewage digesters. Send for VAREC 
Catalog S-3. 


: THE VAPOR RECOVERY SYSTEMS CO. 
Check Valves COMPTON, CALIFORNIA 


Drip Traps Cable Address: VAREC COMPTON CALIFORNIA (U.S.A.) 
All Codes 

Available from Authorized Sewage Equipment agents 

Manometers throughout U.S. and Canada. 


SEWAGE EQUIPMENT 


Flame Trap Assembly 


Explosion Relief Valves 


Pressure Reducing 
Regulator 


. 
Sediment Traps 
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Proceedings of Member Associations 


OKLAHOMA WATER, SEWAGE 
AND INDUSTRIAL WASTES 
CONFERENCE 


Industrial Wastes Conference 


The sth Oklahoma Industrial 
Wastes Conference was held at Okla- 
State University, Stillwater, 
Okla., September 25 and 26, 1957. 
The Industrial Wastes Section of the 
Oklahoma Water, Sewage and Indus- 
trial Wastes contained a 
full 2-day meeting devoted to prob- 
in industrial and at- 
tracted an attendance from a wide part 
of the country. Refinery wastes were 
featured throughout the program. 

Among the technical papers of in- 
terest to those in the sewage and in- 


homa 


Conference 


lems wastes, 


dustrial wastes field were: 


Water Pollution Survey,’’ 
Herbert Pahren, Sanitary 
Robert A. Taft Sanitary Engineering 
Center, U. S. Public Health 
Cincinnati, Ohio; and ‘‘Discussion,”’ 
by Dr. Troy Dorris, Professor of 
Zoology, Oklahoma State University. 

‘*Air Flotation of Refinery Wastes.’’ 
by Dr. William J. Katz, Chain Belt 
Co., Milwaukee, Wis. 

**Radiological Waste Disposal,’’ by 
Earnest F. Gloyna, Associate Profes- 
sor of Sanitary Engineering, Univer- 
sity of Texas, Austin, Tex. 

‘*Biological Reduction of Chromates 
and Oil Wastes,’’ by A. J. Krell, Tech- 
nical Director, Reliance 


by 
Engineer, 


Service, 


Chemicals 


(Continued on page 156a) 


the INCREDIBLE Torque-Flow Pump 


pumps almost everything 


( what will go in will come out ) 


recessed impeller; 


continuous open passage 


: (Chances are it will work profitably for you ) 
i Western Machinery Company 650 Fifth St. San Francisco, Californi 
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“The {Lowib ly, . especially designed for 


river crossings and other difficult installations 


American 


MOLOX BALL JOINT 
Cast Iron Pipe 


River crossings and other underwater pipe installations present no prob- 
lems when you select American Molox Ball Joint pipe. Its rugged con- 
struction adapts it to a wide variety of installation methods,and once 
laid, the joint remains bottle-tight under pressures up to several hundred 
psi at any angle within the range of liberal deflection it provides. 
Designed to meet the severe requirements of submarine pipe lines, 
American Molox Ball Joint pipe offers all the advantages of high strength 
Mono-Cast cast iron pipe with the socket cast integrally with the pipe, a 
heavy alloy cast steel follower gland for added strength, plus the finest 
bolting of any flexible joint pipe available today . . . using a full set of 
high strength, large diameter, corrosion-resistant American stainless 
steel bolts. 
Compare the special features of American Molox 
Ball Joint pipe with other flexible joint piping. Write now 
for a new 32-page descriptive brochure. See for yourself 
how American Molox Ball Joint pipe has been installed 
under various installation conditions. 


Visit Booths 117-118 
American Woter Works 
Association Conference 
Dallas — April 20-25 


SALES OFFICES 


New York City + Dallas 
Chicago + Kansas City 
San Francisco + Denver 
Pittsburgh « Los Angeles 
Minneapolis + Cleveland 
Orlando + Birmingham 
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MERICAN 
CAST IRON PIPE Co. 
BIRMINGHAM 2, ALABAMA 
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Corp., Houston, Tex. 
Since 1885 GRUENDLER QUALITY ‘‘An Activated Sludge Plant for the 


THE BEST THAT MONEY CAN BUY Treatment of Phenolic Wastes,”> by 
R. C. Allred, Continental Oil Co., 


Ponea City, Okla. 
un re ‘‘Measures of the  Pollutional 


Strength of Refinery Wastes,”’ by F. J. 
of GRUENDLER SEWAGE Ludzack, F. M. Middleton, and M. B. 
SHREDDERS INSTALLED | Ettinger, Robert A. Taft Sanitary En- 
IN CITIES IN U.S.A. gineering Center, U. 8S. Public Health 
Service, Cincinnati, Ohio. 

‘*Problems of Modern Industrial 
Wastes,’ by Harry Kramer, Robert 
A. Taft Sanitary Engineering Center, 
U. S. Public Health Service, Cincin- 
nati, Ohio. 

‘Legal Aspects of Pollution Control 
in Oklahoma,’” by Richard M. Huff, 
Assistant Attorney General, State of 
Oklahoma, Oklahoma City, Okla. 


SEE the performance of the 
GRUENDLER SEWAGE SHREDDER 


in a City, near yours— 
(Locations mailed on request) 
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Water and Sewage Short Course 


The 31st Oklahoma Water and Sew- 

| ave Short Course was held at Oklahoma 

State University, Stillwater, Okla., 

November 18-22, 1957. Attendance 

SINGLE or MULTIPLE UNITS was recorded as 127. 


installed in connection with Bar | Sewage works fundamentals were 
Screens of leading Manufacturers 


covered in sessions lasting two days. 
Gruendler Sewage Shredders are | Individual speakers talked on the fol- 
very popular where Bar Screens are lowing subjects: introduction “# ng? 
in use. Debris, leaves, sticks, rags, ee ee 
s septic and Imhoff tanks, primary set- 
other matter quickly reduced, as- thd 
tling and sludge removal, preliminary 
suring an even and continuous flow 
h h p df and auxiliary treatment of sewage, 
through system. atentec eatures sludge digestion, maintenance and re- 
overcome many of the difficult prob- pair of sewerage systems, trickling fil- 
lems. Earlier installations still func- ters, aeration, laboratory control, ree- 
tioning after 10-15 years of service. ords, sewer capacities, stabilization 
ponds, maintenance of equipment and 
pipe materials. 


See your Consulting Engineer for data am 

| Unite, er | The Oklahoma Water, Sewage and 
Write us for CATALOG—S.G. 10 without Industrial Wastes Conference offered 
| obligation. Contains diagrams for instal- | an examination for those desiring to 
| 
| | 
| 


lation, types and sizes of Unites including qualify for Grades ‘‘A,’’ ‘“‘B,’’ and 
Shredders, Garbage Grinders, Dry Sludge 
( rati -ertificates, 
Sher Grinding operation certificates 
Equipment. 


Technical papers of general interest 
included discussions on sewage slimes, 


| Federal water pollution control policy, 

G 4 U E | D L E & | the role of water and sewage works per- 

CRUSHER & PULVERIZER CO. | sonnel in disaster relief, public rela- 


2915 N. MARKET ST. Dept. SIW-458 ST. LOUIS 6, MO. 


(Continued on page 158a) 
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Equipment and Supply Lines 


Pneumatic Transmission System— 
Bulletin 750 deseribes ‘‘Laminair,’’ a 
pneumatic transmission mechanism that 
produces an output air pressure which 
varies directly with flow through a 
Venturi tube, flow nozzle or orifice 
plate.—Simplex Valve and Meter Co., 
7 East Orange St., Lancaster, Pa. 

pH Buffer Solutions—Handy sealed 
vapor-proot packets of buffer agents 
are available for quickly making up 500 
ml of buffer solution for pH meter use. 
The packets are available for various 
pH’s. Polyethylene squeeze bottles 
with convenient dispenser tops can be 
provided for mixing and holding the 
buffer solution.—Analytical Measure- 
ments, Ine., Chatham, N. J. 

Valve Lubricants—Information on 
lubricants for plug valves is available 
in Bulletin V-220, Rev. 1.—Rockwell 
Manufacturing Co., 400 North Lexing- 
ton Ave., Pittsburgh &, Pa. 

Meters, Valves, and Regulators— 
The 28-page catalog C-5000, Rev. 8, de- 
scribes meters, valves, and regulators 
for gas and liquid service. Descriptive 
material is well-illustrated —Rockwell 
Manufacturing Co., 400 North Lexing- 
ton Ave., Pittsburgh 8, Pa. 

Process Equipment—A new 32-page 
bulletin, entitled ‘*‘ Products and Proe- 
esses,’’ illustrates a complete line of 
water and waste treatment equipment. 

Infilco Inc., Tueson, Ariz. 

High-Head Pump— A _ pneumatic 
diaphragm-type pump is now available 
for dewatering operations or other uses 
where a high head (100 ft) is en- 
countered. The pump is capable of 
handling abrasive materials and up to 
60 per cent solids.—The Layton Co., 
Inc., 4749 S. Whitnall Ave., Cudahy, 
Wis. 

Stainless Steel Venturi Tubes—Ven- 
turi tubes with stainless steel metering 
sections are currently available.—Veec- 
tor Manufacturing Co., Ine., 433 Old 
York Rd., Jenkintown, Pa. 


Stirrers, Mixers, and Shakers — 
Equipment for performing the basic 
laboratory operations of stirring, mix- 
ing, and shaking is deseribed in 16- 
page Bulletin FS-264.—Fisher Scien- 
tific Co., 717 Forbes St., Pittsburgh 19, 
Pa. 

Pressure Transmitters — Pressure 
transmitters with interchangable parts 
and no contamination of the measuring 
elements by the primary fluid flows are 
described in Folio No. 56-13 A (Dif- 
ferential Pressure Transmitters) and 
Folio No. 56-12 (Pneumatie Pressure 
Transmitters ).—Republie Flow Meters 
Co., 2240 Diversey Parkway, Chicago 
47, Ill. 

Flexible Valves—Catalog No. FL- 
1116 presents a complete description of 
flexible valves, including useful data 
on their application.—Farris Flexible 
Valve Corp., 400 Commercial <Ave., 
Palisades Park, N. JJ. 

Gasket Cutter——A versatile tool for 
cutting round gaskets from asbestos, 
rubber, fiber, or cork is deseribed in 
Bulletin 140.—The Garlock Packing 
Co., 409 Main St., Palmyra, N. Y. 

Bituminous Fiber Pipe—Catalog 
No. 307 describes ‘‘Orangeburg’’ pipe 
and fittings for drainage and house 
sewer use.—Orangeburg Manufactur- 
ing Co., Ine., Orangeburg, N. Y. 

Coagulant Aids—Information on 
coagulant aids is available in a recently 
released booklet on the subject.—Hagan 
Chemicals and Controls, Ine., Hagan 
Building, Pittsburgh 30, Pa. 

Compressors— Bulletin Form 3207 
describes diesel engine compressors for 
large air requirements. — Ingersoll- 
Rand, 11 Broadway, New York 4, N. Y. 

pH Electrodes Bulletin 86-5 fea- 
tures electrodes for laboratory and 
portable pH meters. The material is 
presented in simplified chart form; in- 
dexed and illustrated.—Scientifie Tn- 
struments Division, Beckman Instru- 
ments, Inc., Fullerton, Calif. 
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Gland Lubrication 
for Centrifugal Pumps 
THE Z-F GREASE SEAL eliminates that 


trouble spot where shaft enters casing. Applies 
constant positive lubrication to packing and shaft— 
automatically. Excessive heat, rapid wear, leakage 
and scoring will dissapear as the 

Grease Seal supplies a constant flow 

of lubrication when pump starts until 

it stops—automatically. Many other 

advantages, too. Write for complete 

description and price. Zimmer and 

Francescon, Moline, IIl. 


tions, coil filters for sludge dewatering, The following officers were elected 
water and sewer pipe joints, and uti- to serve during 1957-58 
pipe ] 
lization of sewage plant effluents. 
President: C. R. Holden, Tulsa. 
Annual Meeting Vice-President: A. C. Lock, Jr., Clare- 
more, 
The Annual Meeting of the Okla- = . 
Secretary-Treasurer: H. M. Crane, 
homa Water, Sewage and Industrial Okl he Cit 
Wastes Conference was held in con- eimai 
junction with the Water and Sewage H. M. Crane, 
Short Course. Secretary-Treasurer 


accurate! 
pERMANENT! 


PARSHALL FLUME LINERS 
FABRICATED FROM “CHEMSTONE” 


Chemstone flume liners are made of asbestos cement material impregnated 
with a special asphaltic compound under pressure. It will withstand shock, 
vibration and is impervious to most acids, alkaline solutions and rapid tem- 
perature changes. 

Saves many hours of building forms for concrete pouring and is accurate 
within plus or minus 1/16". Flume liners with throats 3" to 18" are furnished 
completely assembled for quick, easy installation. For throats 18’ to 96" the 
liners are furnished in two sections. 

Write today for further details and specifications. 


FILTRATION EQUIPMENT CORPORATION 
273 HOLLENBECK STREET » ROCHESTER, NEW YORK 
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DIRECTORY OF ENGINEERS 


(Continued through page 166a) 


ALBRIGHT & FRIEL, INC. ALVORD, BURDICK & HOWSON 


CONSULTING ENGINEERS Engineers 
Charles B. Burdick Louis R. Howson 
Water. Sewage, Industrial Wastes and Incineration Problems Donald H. Maxwell 
City Pla ~~ Highways, Bridges and Alrports Water Works, Water Purification, 
Flood Control, Industrial Buildings Flood Relief, Sewerage, Sewage 
lnvestigations Reports, Appraisals and Rates Disposal, Drainage, Appraisals, 
THREE PENN CENTER PLAZA Power Generation 


PHILADELPHIA 2, PA. 


Civie Opera Building 


Chicago 


JOHN J. BAFFA 


Consulting Engineer 


ANDERS@N-NICHOLS 


Cc or Sewerage & Sewage Treatment 
ONSUTTING Industrial Wastes Treatment 
Water Supply, Distribution and Treatment, In- Design Plans & Specifications 
dustrial Waste Treatment, Sewage Collection and I = : & Rate Studi 

Disposal, Refuse Collection and Disposal, Drain- nvestigations te Studies 


age, Highways and Bridges. 75 West Street New York 6, N. Y. 
Concord, N. H. Boston 14 Baltimore, Md. 


MICHAEL BAKER, JR., Inc. 


Consulting Engineers 


BAXTER AND WOODMAN 


Civil Engineers, Planners, and Surveyors Civil and Sanitary Engineers 

Municipal Engineers—Airport Design —Sewage Disposal Water Supplies Water Treatment 
Systems—Water Works Design and Operation—Surveys Sewer Systems Sewage Treatment 
and Maps—City Planning—Highway Design—Construc- . 

tion Surveys—Pipe Line Surveys Industrial Waste Treatment 

Investigations 

Home Office: Rochester, Pa. . 

Branch Offices: Jackson, Miss. Harrisburg, Pa. P. O. Box 166 Crystal Lake, Ulinois 


THOMAS W. BEAK HOWARD K. BELL 


Consulting Biologist Consulting Engineers 
» G. 8. Bett C. G. Garrner J. K. Latraam 
. Pollution Studies J. W. Finney, Jr. 


Stream and Lake Surveys 


Sewerage Water Works 
Toxicity Tests Sewage Treatment Water Purification 
Biological and Chemica! Analyses Refuse Disposal i Swimming Pools 
Amherst View, Collins Bay, Kingston, Industrial Wastes 
’ Ontario, Canada 553 S. LIMESTONE ST., LEXINGTON, KY. 


ONLY $66 PER YEAR BETZ LABORATORIES, INC. 


is the cost of a professional listing Consulting Engineers 

in this space. A card here will iden- Industrial Waste 

tify your firm with the specialized _ Industrial Water 

sewage and industrial wastes field and ee. Giaiiion 


ill afford i tige ! 
will afford maximum prestige & Werth Sts. 24, Pa 


It pays to secure competent and experienced engineering advice! 
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DIRECTORY OF 
ENGINEERS 


BLACK & VEATCH 


Consulting Engineers 
Sewage - Water - Electricity - Industry 
Reports, Design, Supervision 
of Construction, Investigations, 
Valuation and Rates 
1500 Meadow Lake Parkway 
Kansas City 14, Mo. 


BOGERT AND CHILDS 
Consulting Engineers 

CLINTON L. BOGERT Frep S. CHILDS 

Ivan L. BOGERT DoNaLp M. DITMARS 

Ropert A. LINCOLN CHARLES A. MANGANARO 
WILLIAM MARTIN 

Water & Sewage Works 

Drainage 

Highways and Bridges 


Refuse Disposal 
Flood Control 
Airfields 


145 East 32nd Street, New York 16, N. Y. 


BOWE, ALBERTSON & ASSOCIATES 


Engineers 


Sewage and Water Works—lIndustrial 
Wastes—Refuse Disposal—M unicipal 
Projects—Industrial Buildings—Reports— 
lans—Specifications—Supervision of 
Construction and Operation— 
Valuations—Laboratory Service 


75 West Street New York 6, N. Y. 


BOYLE ENGINEERING 
Consulting Engineers 
Water — Sewers — Streets 


Structures — Surveys 
Reports—Special Districts 


331 Spurgeon Bidg. 3913 Ohio, Rm. 200 
Santa Ana, Calif. San Diego 4, Calif. 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 


Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 
WATER - SEWAGE - INDUSTRIAL WASTE 


CONSULTATION - DESIGN - OPERATION 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET SAN FRANCISCO 3 


BROWN ENGINEERING CO. 


Consulting Engineers 
Waterworks, Sewage Disposal, Airports 
Street Improvements, Power Plants 
Electric Distribution, Rates 


K. P. BUILDING DES MOINES, IOWA 


FLOYD G. BROWNE AND ASSOCIATES 


F. G. Browne 8S. W. Kuhner 
W. G. Smiley C. R. Martin 
G. M. Hinkamp W. H. Kuhn 
Consulting Engineers 
Water - Sewage - Industrial Wastes - Power 
Reports, Designs, Construction 
Supervision, Investigations, 
Laboratory 


123-125 W. Church Street Marion, Ohio 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Specializing in Sewerage and Sewage Disposal, 


Water Supply and Water Purification, 
Valuations and Reports 


Chemical and Biological Laboratories 


112 East 19th Street New York 3, N. ¥. 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


BURGESS & NIPLE 


Civil and Sanitary Engineers 
Established 1908 
Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


Take advantage of the services of these outstanding consultants! 
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BURNS & McDONNELL 
Engineers - Architects - Consultants 


KANSAS CITY, MO. 
P.O. Box 7088 


Phone: DElmar 3-4375 


DIRECTORY OF 
ENGINEERS 


CAMP, DRESSER and McKEE 
Consalting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Re 
Design and Supervision 
Research and Development 
Flood Control 


Boston 8, Mass. 


6 Beacon St. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 

Planning Airports 
Bridges Dams 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage Treatment 
Industrial Waste Disposal and Recovery 
Power Plants—Incineration—Gas Systems 
Valuations—Rates—-Management 
Laboratory 


601 Suismon St., Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 
Municipal Industrial 

Commercial 
220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply—Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 

360 East Grand Ave. 


Chicago 11, Ill. 


CONSULTING BIOLOGISTS 
Thomas Dolan Charles B. Wurtz 
Freshwater and Marine Pollution Surveys 

Biological Surveys of Sewage and 

Industrial Wastes 
Effects of Pollution 
Self-Purification Capacity Studies 
Analyses, Chemical and Bacteriological 
Bioassays 
Investigations and Reports 
610 Commercial Trust Bldg 
Philadelphia 2, Pa. 


COTTON, PIERCE, STREANDER, INC. 
Associated Consulting 

Water Supply, Treatment, 
Sewerage, Sewage Treatment, Refuse Disposal 
132 Nassau Street, New York, N. Y. 

55 Caroline Road, Gowanda, N. Y. 

2718 Garfield Street, Hollywood, Fla. 

Colon 106, Havana, Cuba 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 
ment. 


Damon & Foster 


Consulting Cietl Engineers and 


Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


It pays to secure competent and experienced engineering advice! 
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DIRECTORY OF 
ENGINEERS 


CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installation 


Electro Rust-Proofing Corp. 
A Subsidiary of Wallace & Tiernan, incorporated 
Belleville 9, New Jersey 


Sanitary and 


ROY B. EVERSON 


Sewage and industrial wastes treatment, city 
water purification, and complete swimming pool 
systems—Filtration Experience since 1900 


\ aluations — Re ports— Research— Development 


207 W. Huron St., Chicago 10, Ill. 
SUperior 7-3339 


FAY, SPOFFORD & THORNDIKE, INC. 
ENGINEERS 
Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment 
Airports—Bridges—Turnpikes 
Port and Terminal Works—Industrial Bldgs. 
BOSTON, MASSACHUSETTS 


FINKBEINER, PETTIS & STROUT 


Carveton 8. Finxpetner E. Perms 
Harotp K. Strout 


Consulting Engineers 
Water Supply. Water Treatment, Sewerage, 
Sewage Treatment, Wastes Treatment, 
Bridges, Highways & Expressways 


2130 Madison Avenue Toledo 2, Ohio 


FREESE & NICHOLS 
FORT WORTH, TEXAS 


FREESE, NICHOLS & TURNER 
HOUSTON, TEXAS 


Industrial and Municipal Engineering— 
Water Supply and Purification—Sewerage 
and Industrial Waste Treatment—High- 
ways and  Structures—Dams—Drainage 
Works— Airports— Investigations—Valua 
tion—Design and Supervision 


FROMHERZ ENGINEERS 
Structural - Civil - Sanitary 
Four Generations Since 1867 
Water Supply; Sewerage; Structures; 
Drainage; Foundations 
Industrial Waste Disposal 
Investigations; Reports; Plans and 
Specifications ; Supervision 


816 Howard Avenue New Orleans 12, La. 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dams, Water Works, Sewage, Industrial Wastes & Gar- 
bage Disposal, Highways, Bridges & Airports, Traffic & 
Parking— Appraisals, Investigations & Reports. 
HARRISBURG, PENNA. 


Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fla. 


CONSULTING ENGINEERS! 
If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 

Official Professional Journal of the 

Sewage and Industrial Wastes Field! 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


P.O. Box 1498 
New York READING, PA. Washington 


GREELEY & HANSEN 


Engineers 
Samuel A. Greeley Pau! Hansen (1920-1944) 
Paul E. Langdon Kenneth V. Hill 
Thomas M. Niles Samuel M. Clarke 


Water Supply, Water Purification 
Fiood Control, Drainage, Refuse Disposal 
Sewerage, Sewage Treatment 


220 S. State Street, Chicago 4 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


Take advantage of the services 


of these outstanding consultants! 
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260 Godwin Avenue 


FRANK E. HARLEY AND ASSOCIATES 
Consulting Engineers 


Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes and Garbage Disposal 
Municipal Improvements 
Surveys 
Design, Supervision and Operation 


Town Planning 


Wyckoff, N. J. 


DIRECTORY OF 
ENGINEERS 


HARRIS-DECHANT ASSOCIATES 
Frederick H. Dechant 


Water Works, Industrial Wastes, Sewerage, 
Recovery Processes, Hydraulic Works, 
Natural Gas Transmission and Distribution. 


123 S. Broad St. 


Consulting Engineer 


Philadelphia 9, Pa. 1009 Baltimore Ave. 


HASKINS, RIDDLE & SHARP 
Consulting Engineers 


Water—Sewage & Industrial Wastes—Hydraulics 
Reports, Design, Supervision of Construction 
Appraisals, Valuations, Rate Studies 


Kansas City 5, Mo. 


W. L. Havens 
J. W. Avery 
F. S. Palocsay 


F. C. Tolles, Consultant 


HAVENS AND EMERSON 


A. A. Burger 
H. H. Moseley 


E. S. Ordway Ricwarp 


Reci 


Water, SEWERAGE, 


Leader Bidg. 
Cleveland 14, O. 


GARBAGE, INDUSTRIAL 
WASTES, VALUATIONS—LABORATORIES 


Woolworth Bldg. 122 East 42nd St. 
New York 7, N. ¥. New York 17, N. ¥. 


HAZEN AND SAWYER 


ENGINEERS 


Avrrep W. Sawyer 


. E. Hupson, Jn. 


Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 


3333 Book Bullding 
Detroit 26, Mich. 


HENNINGSON, 
& RICHARDSON, INC. 


Engineers and Architects since 1917 
for more than 700 cities and towns 


Water Works, Light and Power, Sewers, Sewage 


Treatment, Reports, Flood Control, 


DuRHAM 


W. W. mene R 


Airports — 
Sewerage and 


Appraisals, Water Supply — 


HORNER & SHIFRIN 


Consulting 


. E. 


. Lise 


ulic 
Sewage 


Engineering — 
Treatment — 


Municipal Engineering 


Drainage, Industrial Works — Reports 


2962 Harney St. 


Omaha 2, Nebraska 


Shell Building, St. Louis 3, Missouri 


GRIT AND HEAVY SLUDGE REMOVAL 


CONCRETE RESTORATION 
SEWAGE AND WATER WORKS 


HUDSON -RUMSEY CO., INC. 


Professional Engineers 


1679 Niagara St. 
Buffalo 7, N. Y. 


Research — 


Drawer 150 


INDUSTRIAL WASTE DISPOSAL CORPORATION 
Consultants 
Oceanographers — Chemists — Engineers 


Deep Sea Disposal 
Plant Site and Outfall Surveys 
Biological and Chemical Analyses 
- Waste Treatment 
Pollution 


Planning—Design 
Sewage—Refuse 


B T 20 Point Crescent, 


WILLIAM T. INGRAM 


Consulting Engineer 


Sanitary and Public Health Engineering 


Research—Water 


-Industrial Wastes 
Air Pollution Control 


Industrial Health 


Whitestone 57, N. Y. 


It pays to secure competent and experienced engineering advice! : 
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DIRECTORY OF 
ENGINEERS 


The Jennings-Lawrence Co. 
Civil and Municipal Engineers 
Consultants 
Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 

Reports— Design—Construction 


1392 King Ave. Columbus 12, Ohio 


JONES, HENRY & WILLIAMS 
Consulting Sanitary Engineers 
Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


KAIGHIN AND HUGHES 
ENGINEERS 
INDUSTRIAL WASTES DIVISION 
E. B, BESSELIEVRE, MGr. 

STUDY - DESIGN - EQUIPMENT - CONSTRUCTION 
1080 Atlantic Ave. Toledo 1, Ohio 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 
Water Supply and Purification, Sewerage and 
Sewage Treatment, Garbage and Refuse 
Disposal and Incineration, Industrial 
Buildings. 


TROY, NEW YORK 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 
offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 5 


MORRIS KNOWLES Inc. 


Engineers 


Water Supply and Purification, Sewer- 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1312 Park Bldg. Pittsburgh 22, Pa. 


KOEBIG AND KOEBIG 


Consulting Engineers Since 1910 
Investigations, Reports, Designs 
Sewerage & Sewage Treatment 

Water Supply & Water Treatment 
Municipal Engineering 


3242 West 8th Street, Los Angeles 5, Calif. 


LANNING 
Sanitary Engineering Co., Inc. 
Consulting Engineers 
Water, Sewage, Drainage, and Industrial Wastes 
Reports, Designs, Supervision 
Of Construction and Operation 
Chemical & Biological Laboratory 


1100 South Broad St. Trenton, N. J. 


Wm. S. Lozier Co. 


Consulting Engi s 


Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 
10 Gibbs Street Rochester, 4, N. Y. 


GEORGE B. MEBUS, Inc. 


Consulting Engineers 


Water Supply Sewage Treatment 


Industrial Waste Treatment 


BROAD STREET TRUST BUILDING 
GLENSIDE, PA. 


Take advantage of the services of these outstanding consultants! 


TS l64a 
#9 
ie 
t 
| 
ths 


SEWAGE AND INDUSTRIAL WASTES 


165a 


METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 
Laboratory Valuations 
Airports 
Statler Building 

Boston 16 


DIRECTORY OF 
ENGINEERS 


Nussbaumer, Clarke & Velzy, Inc. 


Consulting Engineers 


SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 


327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 


PARSONS, BRINCKERHOFF, 
HALL G@ MACDONALD 
G. Gale Dixon, Associate 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structural Power 


165 Broadway 


Transportation 


New York 6, N.Y. 


E. C. PATTEE 


Chemical Engineer 


Consulting, Surveys, Development &- 
Design for Stream Pollution, Waste Recovery 
& Chemical Processing 


3510 Section Road, Cincinnati 37, Ohio 


PIATT & DAVIS 
AND ASSOCIATES 


P. D. DAVIS W. M. PIATT, III 
Cc Iting, Designing, and Supervising Engineers 
Water Works, Sanitary Sewers, Water Purification 
Sewage Treatment, Streets, Power Plants 
Electrica! Distribution, Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, fi. C. 


MALCOLM PIRNIE ENGINEERS 


Civil and Sanitary Engineers 
Malcolm Pirnie Ernest W. Whitlock 
Robert D. Mitchell Carl A. Arenander 
Malcolm Pirnie, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 
25 West 43rd Street New York 3, N. Y. 


LEE T. PURCELL 


Consulting Engineer 


Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 
Reports; Design; Supervision of 
Construction & Operation 


Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


RESOURCES RESEARCH, INC. 


Municipal and Industrial Air Pollution Control, 
Water Supply, Sewage Disposal, Public Health 
Reports, Investigations, Research 


C. McCase, Pres. 


4435 Wisconsin Ave. Washington 16, D. C. 


THOMAS M. RIDDICK 
Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment 
Laboratones for Chemical and Bacteriological 
Analyses 


369 E. 149th Se. 


New York 55, N.Y. 


RIPPLE AND HOWE, Inc. 
Consulting Engineers 
O. J. Rippre V. A. VASEEN 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 
833-35 Twenty-Third St. Denver 5, Colorado 


B. V. Howe 


Robert and Company 
Associates 
Engineering Division 
ATLANTA 


Water Supply - - - - - - - Incinerators 
Sewage Disposal - - - - - ~- Power Plants 


It pays to secure competent and experienced engineering advice! 
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RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 
408 Olive St., Municipal Airport 
St. Louls 2, Mo. Daytona Beach, Fila. 


SMITH and GILLESPIE 
Consulting Engineers 
All types of 


Municipal Public Works & 
Jtilities 


Complete Services 


P. O. Box 1048, Jacksonville, Fla. 


STANLEY 
ENGINEERING COMPANY 


Consulting Engineers 


Hershey Building 
Muscatine, lowa 


208 S. LaSalle Street 
Chicage 4, Illinois 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 
Water Supply—Sewerage—Waste Disposal 
Bridges—Highways—lIndustrial Buildings 
Studies—Surveys— Reports 


245 N. High St. Columbus 15, Ohio 


W. TAYLOR 


E 


HENRY 


Water Supply, Sewerage 
Refuse Disposal, Incineration 
Industrial Developments 


151 W. Merrick Rd. Freeport, N.Y. 


J. STEPHEN WATKINS 
J. 8. Watkins G. R. Watkins 
CONSULTING ENGINEERS 
Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, Reports, 
Investigations and Rate Structures. 
251 East High Street Lexington, Kentucky 
Branch Office 
4726 Preston Highway Louisville, Kentucky 


ROY F. WESTON, INC. 


Rialacict 


Industrial Wastes 
Stream Pollution—Air Pollution 
‘ater—Sewage 
Surveys—Research— Development— Process 
Engineering — Plans and Specifications — 
Operation Supervision — Analyses — Evalua- 
tions and Reports 


Newtown Square Pennsylvania 


WESTON & SAMPSON 


Consulting Engineers 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 

Wastes Treatment 

Stream Pollution Studies 

Supervision, Valuation 

Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 
Sewerage, Sewage Disposal, Municipal and In- 
dustrial Development Problems, Water Supply, 
Water Purification, Water Front Improvements, 
Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


Your firm should be 
listed here 


... the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial 
wastes treatment. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 


Civil — Sanitary — Structural 
Mechanical — Electrical 


Reports, Plans, Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


Take advantage of the services of these outstanding consultants! 
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SEWAGE AND IN 


‘DUSTRIAL WASTES 


American Cast Iron Pipe Company 


American Brass Company 


American Concrete Pressure Pipe Association 


Armco Drainage and Metal Products, - 
Builders-Providence, Incorporated, Division of B-I-F ladestries 


Incorporated 


Cast Iron Pipe Research Association 


Chicago Pump Company 
Combustion Engineering (Raymond Division) 
Dorr-Oliver Incorporated 
Filtration Equipment Corporation 


Flexible Incorporated 


Gruendler Crusher and Pulverizer Company 


Homestead Valve Manufacturing Company 


Inertol Company, 


Infilco Incorporated 


Incorporated 


Lock Joint Pipe Company 
Pacific Flush Tank Company 


Rhodia 


Incorporated 


Simplex Valve and Meter Compan 
Vapor Recovery Systems Company 


Walker Process Equipment Incorporated 
Wallace and Tiernan Incorporated . 


Wedge-Lock Clay Pipe 
Wheeler, C. 


W-K-M Division of 


Manufacturers 
Western Machinery Company 


H., Manufacturing Comper 
ACF Industries, 
Zimmer and Francescon 


Inc 


INDEX TO ADVERTISERS 


146a 
Front Cover 
138a, 139a 
l3la 
133a 
152a 
158a 
168a 
156a 
145a 
144a 
137a 
Back Cover 
150a 

148a 

135a 

153a 

Back Cover 


Inside 


Inside 


Albright & Friel, Inc. 
Alvord, Burdick & Howson 
Anderson-Nichols & Company 
Baffa, John J. 

Baker, Michael, Jr., Inc 
Baxter & Woodman 

Beak, Thomas W. 
Bell, Howard K. 
Betz Laboratories, 
Black & Veatch 
Bogert and Childs 
Bowe, Albertson & 
Boyle Engineering 
Brown & Caldwell 
Brown Engineering Co 

Browne, Floyd G., and Associates 
Buck, Seifert & Jost 

Burgess & Niple 

Burns & McDonnell 
Camp, Dresser & McKee 
Capitol Engineering Corp. 
“hester Engineers, The 

Cole, Chas. W. & Son 
Consoer, Townsend & Associates 
Consulting Biologists: Dolan and Wurtz 
Cotton, Pierce, Streander, Inc. 
Damon & Foster 


Inc. 


Associates 


Electro Rust-Proofing Corp. (N. J.) 
Everson, Roy B. 
Fay, Spofford & Thorndike 


Finkbeiner, Pettis & Strout 

Freese & Nichols 

Fromherz Engineers 

Gannett Fleming Corddry & Carpenter, 
Gilbert Associates, Inc. 

Greeley & Hansen 
Harley, Frank E., and Associates 
Associates 

Riddle & Sharp 


Harris-Dechant 
Haskins, 


PATRONIZE OUR 
lication of this journal. 


AND INDUSTRIAL WASTES. 


DIRECTORY OF ENGINEERS, 159a-166a 


ADVERTISERS—whose 


When writing advertisers be 


Havens and Emerson 
Hazen & Sawyer 
Henningson, Durham & Richardson, 
Horner & Shifrin 
Hudson-Rumsey Co., 
Industrial Waste 
Ingram, William 
Jennings-Lawrence 
Jones, Henry & Williams 
Kaighin and Hughes 
Keis & Holroyd 
Kennedy, Clyde C 
Knowles, Morris, Inc 
Koebig & Koebig 


Inc 


Inc 
Corporation 


Lanning Sanitary Engineering Co., Inc 
Lozier, Wm. S., Company 

Mebus, George B., Inc 

Metcalf & Eddy 

Nussbaumer, Clarke & Velzy, Inc 

Parsons, Brinckerhoff, Hall & Macdonald 


Pattee, <. 

Piatt & Davis and Associates 
Pirnie, Malcolm, Engineers 
Purcell, Lee T 
Resources Research, 
Riddick, Thomas M 
Ripple & Howe 
Robert and Company 
Russell & Axon 
Smith & Gillespie 
Stanley Engineering Company 
Stilson, Alden E., & Associates 
Taylor, Henry W. 

Watkins, J. Stephen 

Weston, Roy F., Inc 

Weston & Sampson 

Whitman & Howard 

Whitman, Requardt & Associates 


Inc 


Associates 


support makes possible the 
SEW 


sure to mention 


pub- 
AGE 


167a 
Page 


SEWAGE AND INDUSTRIAL WASTES 


PAT. PENDING 


_ Sewer cleaning revolutionized with 
NEW TRUCK-LODER BUCKET MACHINE 


* Bypass street dumping! Sewer deposits dumped automatically 
> DIRECTLY INTO TRUCK! 


Bucket Contents dumped automatically! 
No more unsanitary sewer deposits on the street. 


» Two-man Bucket Machine Crew! Releases man formerly needed for dumping bucket and 
shoveling into truck. 


© Easier to operate! Simple to maintain! 
The Truck-Loder makes bucket machine operation a 


two-man job. 


© Streets kept free of sewer deposits! 


ee 


: 3786 DURANGO AVE., LOS ANGELES 34, CALIF. 
FLE X | B LE INC. 1005 SPENCERVILLE RD, LIMA, OHIO 
. 51 W. JEFFERSON BLVD., DALLAS, TEXAS 


WORLD'S LARGEST MANUFACTURER OF SEWER CLEANING EQUIPMENT 


: 
: 
168a 
| 
; 
4 
i 
\ 
= 


Flexibl C Joy ing 


LOCK JOINT ROLLER SUSPENSION PIPE with the 
FLEXIBLE JOINT RUBBER GASKET Is the ideal 
answer to installations requiring highest quality 
sewer or culvert pipe and maximum protection 
against ground water infiltration. 


This pipe, produced in diameters from 12” to 72” 
and in standard lengths of eight feet is manu- 
factured by an unique process which develops 
unusually strong, dense concrete, highly resistant 
to abrasion. Its joint ends, of almost machined 
accuracy, are particularly adaptable to the Lock 
Joint Flexible Joint Rubber Gasket. 

This gasket gives effective relief from infiltration 
into the pipeline and permits the joint to be opened 
up to %4” without endangering its tightness. This 
feature alone adds considerably to the ease and 
speed with which the line can be installed. 


LOCK JOIN 


East Orange, New Jersey 


Sewer and Culvert Pipe Plants: 

Valley Park, Missouri 

N. Kansas City, Missouri 
Tulsa, Oklahoma 
Oklahoma City, Oklahoma 
Wichita, Kansas 

Denver, Colorado 


Kenilworth, New Jersey 
Hartford, Connecticut 
New Haven, Connecticut 
Beloit, Wisconsin 
Chicago, Illinois 

Rock Island, Illinois 


The ‘‘Flexible Joint’ gasket permits ample deflec- 
tion to accommodate normal ground settlement. 


Lock Joint also produces conventional machine 
made and cast concrete sewer and culvert pipe 
ranging from 6” to 120” and upward in diameter. 
All Lock Joint Pipe may be designed to comply with 
A.S.T.M., state highway or individual specifications. 


T PIPE CO. 


Cheyenne, Wyoming 
Casper, Wyoming 
Tucumcari, New Mexico 
Hato Rey, Puerto Rico 
Ponce, Puerto Rico 
Coracas, Venezuela 


Also Great Lakes Concrete Pipe Company with plants at Buffalo, N. Y. and Henrietta, N. Y. 


| ...che premium pipe with the | 


The best way to know the results of your industrial woste treatment is to 
have a permanent record. The kind you get with a W&T O-R-P system 


WALLACE & TIERNAN O-R-P SYSTEM... 


the sure way to treat poisonous plating wastes 


The destruction of cyanides with alkaline chlorination is a con- 
trolled certainty. A W&T Oxidation-Reduction Potential (O-R-P) 
system, automatically controls waste treatment and records the 
results. 


Why use an automatic system? Because there is no overfeeding 
of chemical; no uncertainty of effluent safety. An O-R-P system 
samples the treated waste, controls the feeding of the treatment 
chemicals and records the effectiveness of the treating process. 

That’s why the sure way of treating your industrial waste effec- 
tively is with an O-R-P controlling and recording system. To get 
the O-R-P story and learn how it works in a major industrial 
plant, write for Bulletin I-63.00. 


WALLACE & TIERNAN INCORPORATED 
25 MAIN STREET. BELLEVILLE 9, NEW JERSEY 


LANCASTER PRESS, INC., LANCASTER, PA. 
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